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1.0 INTRODUCTION

1.1 Background

Tetra Tech EM Inc. (TtEMI) was requested by the Navy to conduct a surfactant enhanced
subsurface remediation (SESR) treatability study at Alameda Point (formerly Naval Air Station
Alameda) to demonstrate enhanced dense non-aqueous phase liquid (DNAPL) removal at the
selected site. Surbec Environmental L.L.C. (Surbec) was selected to complete the treatability
study.

The surfactant technology was developed because of the inability of traditional pump-and-treat
remediation methods to remove non-aqueous phase liquids INAPL) or sorbed contaminants from
the subsurface. Surfactants can be used to remove residual DNAPL from porous media.
Surfactants can greatly enhance the solubility and/or mobility of the chlorinated hydrocarbons,
thereby increasing the removal of DNAPL constituents from the soil matrix. Previous
demonstrations indicate that surfactant-enhanced recovery has the potential to be an effective
technology. In previous demonstrations, between 37 percent and 99 percent of DNAPL has been
recovered. The amount of contaminant mass recovered per mass of surfactant added may vary
widely, depending on site characteristics. The treatment goal of this study is to remove at least
95 percent of the chlorinated solvent mass from the test area saturated zone above the Bay Mud.

Because of the complex nature of the behavior of chlorinated solvents in groundwater, a bench-
scale study alone will not be sufficient to provide conclusive evidence regarding the
effectiveness of the technology. Therefore, an in situ pilot-scale study will be performed; a
bench-scale study will be used for surfactant selection only. The Navy will also conduct
physical and chemical analyses of the aquifer material to determine an effective surfactant
mixture for in situ removal of the chlorinated solvents.

Surbec will provide a complete technical evaluation of the treatment system at all stages of the
treatability study. Evaluation will include, but will not be limited to, (1) the reliability and
function of the process equipment, (2) capital, labor, operational, and maintenance costs, (3)
process operating parameters, (4) sampling and analytical procedures, (5) ability to meet
treatment objectives, (6) daily operation and problems encountered, (7) deviations from project
plans, (8) process waste handling procedures and requirements, and (9) health and safety.

Design of this process is complicated and requires a multidisciplinary team to ensure the
technology is applied correctly. The overall process can be broken down into four major
aspects: Surfactant Screening and Selection, Injection/Extraction Systems, Subsurface Surfactant
Performance and Above Ground Treatment and Separations. The proposed project team includes
Surbec, the University of Oklahoma, and Levine Fricke Recon (LFR).

1.2 Site Description
The Alameda Point site is located on the San Francisco Bay in Alameda, California (refer to

Figure 1.1). The selected test location, located near soil boring 2A-A, is on the east side of
Building 5 in Site 5. In a review of available documents and data, Surbec has located a second
site, which would be appropriate for this technology. The second site is also located on the east
side of Building 5, approximately 100 yards south of soil boring 2A-A at soil boring 4B-C.

April 1999 Section 1.0 Introduction 1-1



Building 5 is located between Monarch and Lexington Streets, and Avenues Midway and Tower
within the Alameda Point Complex. Building 5 lies in the middle of the Alameda Point facility

(Figure 1.2).

The building has been in operation since 1942 and houses shops used for cleaning, reworking,
and manufacturing metal parts, tool maintenance, plating, and painting operations. Processes in
the plating shop include degreasing, caustic and acid etching, metal stripping and cleaning, and
chrome, nickel, silver, cadmium, and copper plating. The paint shop contains two paint bays and
several smaller paint spray booths. Prior to 1972, the wastewater from operations in Building 5
was discharged without pretreatment to the San Francisco Bay, via the industrial sewers, the bulk
of which emptied into the Seaplane Lagoon. From 1972 until 1991, the wastewater from the
plating shop was split into two waste streams, one from the alkaline tanks and one from the
cyanide tanks. The wastewater streams were kept separate until the cyanide stream was treated in
a cyanide destruction unit. The two waste streams were then routed together to a treatment plant.

Three industrial waste sewer lines leave Building 5; there are two on the south side that join the
main line running under W. Tower Ave., and one line on the northeast corner that joins the main
line running under Lexington Street. Two sanitary sewer lines exit from the west side of the
building and join the main under Monarch Street. Two additional sanitary sewer lines exit from
the east side of the building and join the main lines in W. Midway Avenue. Storm sewer lines
connect the building downspouts to mains under W. Tower Ave. and W. Midway Ave. Site
layout and the configuration of the storm, sanitary, and industrial sewer lines are illustrated in
Figure 1.2. Building 5 is still used for manufacturing, cleaning, and reworking metal parts, and
painting operations. The plating shop was taken out of service in early 1991.

1.3 Objectives
The Navy has identified one primary objective and three secondary objectives for the treatability

study. The primary objective of the study is to:

» Determine the effectiveness of the treatment system to remove chlorinated solvent mass that
cannot be removed using conventional pumping techniques. The Navy has established a
DNAPL removal goal of 95 percent (from the soil) for this study.

The Navy has also identified the following three secondary objectives for this study:

« Determine the properties of the porous media within the test area, including the hydraulic
and sorption properties of the aquifer material

« Determine the optimal surfactant mixture for DNAPL removal

« Determine the efficiency of surfactant recovery from the test area

These objectives will be used to direct project activities and as evaluation criteria. The objectives
will also be used as indicators for project corrections and additions.
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2.0 SITE INVESTIGATION SUMMARY

To gain an understanding of the site-specific conditions at soil boring 2A-A and 4B-C, Surbec
reviewed several documents supplied by the Navy. The documents that were reviewed are as
follows:

- Remedial Investigation/Feasibility Study Data Transmittal Memorandum Sites 4, 5, 8,
» 10A, 12, and 14. (PRC Environmental Management, Inc. and Montgomery Watson)

« Data Summary Report for Quarterly Groundwater Monitoring. (Tetra Tech EM Inc. and
Uribe & Associates)

o Data Summary Report Background and Tidal Influence Studies and Additional Work at
Sites 4 and 5, Naval Air Station, Alameda. (PRC Environmental Management, Inc. and
Montgomery Watson)

« Remedial Investigation/Feasibility Study Phases 2B and 3 Data Summary Report. (PRC
Environmental Management, Inc., and Montgomery Watson)

» Data Transmittal Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition
and Site 14 Sump Investigation at Alameda Point, Alameda, California. (Tetra Tech EM
Inc.)

Surbec has concentrated the design efforts based on the document entitled “Data Transmittal
Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition and Site 14 Sump
Investigation at Alameda Point, Alameda, California,” which presents the data generated from
two investigations directed toward definition of known chlorinated solvent plumes (Sites 4 and
5), and one soil and groundwater investigation of a sump area (Site 14) at Alameda Point,
Alameda, California.

The data transmittal memorandum also includes a brief description of (1) the project objectives,
(2) the scope of work performed for each investigation, (3) the investigation methods and field
procedures, and (4) the findings of each investigation. The findings are presented in tabular form
summarizing the analytical results and detailed isoconcentration maps and accompanying cross-
sections. Copies of the Site 5 data summary tables are attached to the end of this section.
Isocentration maps from the data transmittal memorandum (Figures: 7, 8, and 9) for
Trichloroethane (TCA), Dichloroethane (DCA), and Dichloroethene (DCE) are attached to show
the extent and location of the contaminant plumes relative to the treatability study site location.
TCA, DCA, and DCE have been selected because they are the constituents at the site with the
highest concentrations and will be the contaminants that control the focus of the surfactant of

choice.

2.1 Site Setting and Geology/Hydrogeology
NAS Alameda is located on the western end of Alameda Island, primarily in Alameda County,

California. Alameda Island is located within the San Francisco Bay basin, which lies within the
Coast Range physiographic province of California. The air station is bounded on the north by
the Oakland Inner Harbor, on the west by the San Francisco Bay, and on the south by the San
Francisco Bay and the Seaplane Lagoon.
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Much of the land now occupied by the site was once covered by the waters of San Francisco Bay
and most of the land not covered by the bay was occupied by tidal flats. The tidal flats and
subtidal deposits are considered a portion of the Holocene Bay Mud stratigraphic unit (also
called the Young Bay Mud). Within the air station boundaries, the Holocene Bay Mud is
overlain by hydraulically placed fill material, which comprises the uppermost water-bearing
zone. The fill ranges in thickness from 0 to 30 feet and underlies most of NAS Alameda, with
the exception of the eastern portion of the base where there is no definable Holocene Bay Mud
unit. The Holocene Bay Mud is underlain by Holocene and late Pleistocene alluvial and eolian
deposits. These deposits are roughly equivalent to the Merritt Sand unit described by Trask and
Rolston (1951). The Merritt Sand is underlain by Late Pleistocene estuarine deposits, which
consist of dark greenish-gray silty clay in the vicinity of Alameda Point, and is considered an
aquitard in this area. ‘

Different authors have used different stratigraphic names and slightly different definitions when
referring to the Late Pleistocene estuarine deposits. Trask and Rolston (1951) used the term San
Antonio Formation for sediments, which are primarily composed of estuarine clays. However,
Trask and Rolston's San Antonio Formation contains at least one relatively thick and laterally
extensive sand bed. In contrast to Trask and Rolston, Sloan (1992) called the late Pleistocene
estuarine deposits the Yerba Buena Mud. Sloan restricted the name Yerba Buena Mud to
sediments composed of clay, and as a result the Yerba Buena Mud can be reasonably expected to
act as an aquitard. Although the stratigraphic relationships are not entirely clear, Sloan (1981)
believes that most of the San Antonio Formation is correlative with the Yerba Buena Mud. For
the purpose of the data transmittal memorandum, the late Pleistocene estuarine deposits are
referred to as the Yerba Buena Mud because the Yerba Buena Mud, being composed of clay, has
more predictable hydrogeologic properties, and can be reasonably expected to act as an aquitard.

The hydrological units of primary importance to the SESR study are the Merritt Sand, the
Holocene Bay Mud, and the overlying artificial fill material. These units make up the shallow
aquifer. The shallow aquifer has two primary water-bearing zones; one above the Holocene Bay
Mud, in the fill material (referred as the "first water-bearing zone") and the second below the
Holocene Bay Mud in the Merritt Sand (referred as the "second water-bearing zone"). The
Holocene Bay Mud has been found to be siltier and sandier in the western portion of the base,
and discontinuous in the southeastern portion of the base. In the southeastern portion of the base,
all units above the Yerba Buena Mud are considered to be in hydraulic connection (PRC 1991).
The alluvial portion of undifferentiated Pleistocene deposits, which underlay the Yerba Buena
Mud, comprise a second, deeper aquifer.

The lithology at Site 5 is characterized by a fill layer between 0 and 12 to 15 feet deep which
consists of interbedded fine sands (well sorted), silty sands (moderately well sorted), and
gravelly sand. Below the fill, the native soils consist of the Holocene Bay Mud deposits, which
are primarily a lower permeability mixture of silty clay to sandy clay, with occasional sands and
silts. At Site 5, the Bay Mud layer is approximately 15 to 20 feet thick.

The groundwater gradient at this test area (2A-A) generally ranges from 0. 001 feet per foot to 0.
002 feet per foot and is extremely variable in direction as reported by TtEML The groundwater
gradient near 4B-C generally ranges from 0.004 to 0.006 feet per foot as reported in the BERC
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Workplan. The depth to groundwater ranges from 5 to 9 feet below ground surface. Aqulfer tests
(slug tests) performed at Site 5 by TtEMI indicate a hydraulic conductivity of 1.7 x 10™ cm/s to
2.6 x 10 cm/s. The slug tests were conducted over the entire saturated thickness of the upper fill
layer.

2.2 Investigation Objectives

Focused groundwater investigations at Site 5 (Building 5) were conducted by TtEMI from
January 21 to April 6, 1998. The investigation involved collection of discrete groundwater
chemical data to evaluate the nature and extent of chlorinated solvent plumes caused by past
releases at these sites. In addition to this data, BERC has reported data in their Treatability
Study Workplan from investigations at Site 5 conducted during 1996 through 1998.

2.2.1 Previous Investigations

The general scope of work performed during these investigations included soil and groundwater
sampling, laser induced fluorescence (LIF), membrane interface probe (MIP) sampling, and Geo
Vis observations. The specific tasks performed for each site are outlined below. Surbec will
focus on Site 5, locations 2A-A and 4B-C, because these sites are the potential locations of the

treatability study.

2.2.2 TtEMI Investigations

Isoconcentration Maps and Cross Sections

All data from the chlorinated solvent plume investigations at Site 5 were presented in table
format by constituent and by site. The analytical data from the tables are presented in graphical
form on a total of 13 figures (Figures 2 through 14 of the data transmittal memorandum). Each
of the figures presents four plan view isoconcentration maps and four isoconcentration cross
sections for one analytical constituent. Data from a previous investigation conducted by OGISO
Environmental was also used in the development of the maps and cross sections to supplement
the data from the current investigations. Figures 7, 8, and 9 from the data transmittal
memorandum are attached to show the contaminant plumes at the treatability study location and
the surrounding areas.

The four plume maps shown on each figure present the data for four separate depth intervals. For
Site 5 the depth intervals are 5.5 to 9.5 feet, 9.5 to 13.5 feet, 13.5 to 20.0 feet, and greater than 20

feet below ground surface (bgs).

Where there was more than one sample result in a given interval, the highest analytical result
was used for contouring. The contour intervals are less than 0.5 micrograms per liter (ug/L),
0.50 to less than 50 ug/L, 50 to less than 100 ug/L, 100 to less than 500 ug/L, 500 to less than
1000 ug/L, 1000 to less than 10,000 ug/L, 10,000 to less than 100,000 ug/L and greater than
100,000 ug/L. Each map shows all four transect lines of the cross sections for reference.

Four cross sections were constructed for each site through the areas of highest concentration.
Each cross section presents all the analytical data from a given boring located along the cross
section line. All the borings and the sample intervals have been plotted at the correct elevation in
the cross section views as determined from the site survey. The analytical data on the cross
sections is contoured to the same concentration intervals as the plume maps.
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Eight figures in the data transmittal memorandum (Figures 7 through 14) present the results of
the investigation at Site 5. Seven constituents, (1,1,1-TCA; 1,1-DCA; 1,1-DCE; 1,2-DCE;
chloroethane; TCE; and vinyl chloride) are presented in seven of the eight figures (Figures 7
through 13). The eighth figure (Figure 14) for Site 5 shows the distribution of dissolved oxygen
and redox potential as measured in the field. This figure includes one plan view map with data
presented at each location. Four cross sections are included in this figure with analytical data at
each sampled interval.

Summary of Findings

The cross sections and plume maps of the Site 5 area, show additional detail of the chlorinated
solvent plumes at each location. Although spacing between boring locations is relatively large
(approximately 150'), a good definition of the plumes is achieved both laterally and vertically.
Overall, contaminants were found to be more extensive than previously thought.

Site 5

Four distinct plumes have been defined at Site 5. The plumes are generally located within
Building 5 and have for the most part been located by the previous OGISO Environmental
investigations The extent and concentration levels of these plumes have been further defined
laterally and vertically by this investigation. In particular, the westernmost plume was not well
characterized by the previous investigations; however, this plume is now defined.

The focus areas are located near soil borings 2A-A and 4B-C. The proposed 20° x 20’ treatability
study area location, as proposed by TtEMI, is at 2A-A. Surbec has reviewed the site
groundwater data and feels that location 4B-C may also be suitable if the concentrations of
chlorinated solvents in the groundwater are high enough. Based upon the current
isoconcentration maps, site 2A-A has a total volatile organic concentration of 58,525 ug/L as
compared to location 4B-C, which has a total concentration of 195,448 ug/L.

The most extensive contaminant at Site 5 appears to be 1,1-DCA (Figure 8). 1,1-DCA is found at
levels from 2,200 ug/L to 14,000 ug/L in the four separate plumes. The contaminant with the
highest concentration is 1,1,1-TCA at 100,000 ug/L, however, this result is from the previous
OGISO investigation. The highest concentration detected by TtEMI in this investigation was of
a concentration greater than 34,000 ug/L 1,1-DCA at exploratory location 4-5.

Generally the depth intervals with the highest levels of contamination at Site 5 are 5.5 feet to 9.5
feet bgs and 9.5 feet to 13.5 feet bgs. Below 13.5 feet bgs, contamination is less prominent
although significant levels of some constituents can be found. Below 20 feet bgs contamination

is scarce and levels drop off considerably.

2.2.3 SCAPS/BERC Investigations

SCAPS surveys were completed in 1996, 1997, and 1998. The 1996 survey showed fluorescence
intensities indicative of free product from 8.1 to 9.3 feet BGL at a location (IRS-02) immediately
north of the waste oil/solvent tank location approximately 110 feet north of 4B-C. A soil sample
from this location confirmed the fluorescence, indicating a soil concentration of 4360 mg/kg total

VOCs and 2600 mg/kg TCE.
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The following 1997 SCAPS survey positively identified the presence of NAPL using the Geo
Vis video microscope. The NAPL was observed as separate phase droplets and ganglia existing
in the pore space. Soil samples were also collected to quantify the VOC concentrations in the
soils. The maximum TCE concentration was detected at 2700 mg/kg in a location near IR5-02 at
a depth of 8.2 t0 9.2 feet bgs.

In August 1998, a SCAPS survey was conducted to identify the outer boundaries of the NAPL in
the vicinity of the waste oil/solvent UST. LIF and MIP were used to locate the NAPL outer
limits. The thickest location appeared to be at PC-2 with thinning away in all directions. Soil
samples were collected during this investigation with maximum total VOC concentrations of
3756 and 5890 mg/kg at locations S-30 and S-38, respectively. TEPH characterized as jet fuel
(Cio — C42) was detected at 25,000 and 9400 mg/kg in soil samples from 8.0 to 8.5 and 8.5 to 9.0
feet at location S-38. TCE was detected at a concentration of 2170 mg/kg in a soil sample from
S-38. Groundwater samples were also collected using the MIP system. TCE was detected at a
maximum concentration of 1786 ppm from location MIP37 located immediately north of the

UST at a depth of 9 feet bgs.

In September 1998, BERC completed a soil sampling investigation to delineate the western and
southern boundary of the NAPL at the waste oil/solvent UST location. BERC collected soil
samples from four borings. High concentrations of TEPH were detected in TMW-7 at 11,000
mg/kg at the 7.5 to 8.0 foot depth. Total VOCs were detected at 68 mg/kg at this location. The
three other locations were outside the NAPL plume boundaries.

Data summary tables for the SCAPS and BERC site investigations are attached. This data will
also be included during the final modeling for well locations and screen depths along with the

results of the Geoprobe investigation.

2.3 Site Selection Investigation (SSI)

The SI was conducted on January 30 and 31, 1999 and consisted of the following activities.

1. The completion of three (3) soil borings, one (1) 8 feet east of TtEMI sampling
location 2A-A, and two (2) near TtEMI sampling locatlon 4B-C, one (1) 10 feet north
and one (1) 10 feet south of 4B-C (Figures 1 & 2).

2. The collection of one (1) soil sample for laboratory analyses of volatile organics by

method 8260 from each boring.

The installation of groundwater monitor wells in each soil boring. and

4. The collection of groundwater samples from each well for analyses of volatile
organics by method 8260. « :

hed

2.3.1 Soil Sample Results
During the SI, soil samples were collected from each boring and analyzed with a Photovac 2020

organic vapor analyzer. The samples were composited on 1.0 to 2.0 foot intervals for field
analyses. The field screening was used to determine the soil samples to be submitted to the
laboratory for analyses of volatile organics by method 8260. The results are summarized in the

following table.
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Soil Sample Results

Contaminant Soil Concentrations, ug/kg

4B-CN 4B-CS 2A-AE 4B-CS1 | 2A-AEl

Depth 12.0 ft. 12.0 ft. 7.5 1. 10.0 fi. 12.0 ft.

1,1-Dichloroethene ND ND ND ND 230
1,1-Dichloroethane 3100 ND ND ND ND
2-Butanone ND ND ND ND ND
1,1,1-Trichloroethane ND ND ND ND ND
1,2-Dichloroethane ND ND ND ND ND
Carbon Tetrachloride ND ND ND ND ND
Chloroethane ND ND ND ND ND
Cis-1,2-Dichloroethene ND ND ND ND ND
Trichloroethene ND ND ND ND ND
Vinyl Chloride ND ND ND [ ND ND
Sec-Butylbenzene ND ND 260 ND ND
Methylene Chloride ND ND ND 4000 ND
TPH —purgeables(C7-C12) NA NA 820,000 | NA NA

3100 ND 260 4000 230
TOTALS (8260)

The results of the soil sample analyses indicate low levels of contamination. The sample from
4B-CN contained the highest concentration of suspected volatile organics 8260 (1,1-
Dichloroethane) at 3.1 mg/kg. The sample 4B-CS1 from the 10.0 ft. depth contained 4.0 mg/kg
of methylene chloride. Methylene chloride was not expected based upon the review of previous
data during preparation of the WP. The other samples contained very low levels or were non-
detect of volatile organics 8260.

The sample 2A-AE contained high concentrations of a possible fuel contaminant. A total
petroleum hydrocarbons analyses was conducted to identify the range of hydrocarbons. The
results indicated 828 ppm of C; to C,, purgeable hydrocarbons. Extractable hydrocarbons C, to
Cy2 could not be analyzed as the soil sample was preserved with methanol Wthh would blow out
the flame during the detection run.

2.3.2 Groundwater Sample Results
Groundwater samples were collected from the three (3) monitor wells installed in borings 4B-

CN, 4B-CS, and 2A-AE. The wells were developed and purged, allowed to equilibrate for a
period of time, and were then sample for analyses of volatile organics 8260. The results are

summarized in the following table.
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Groundwater Sample Results

Groundwater Concentrations, ug/]
Contaminant 4B-CN 4B-CS 2A-AE
1,1-Dichloroethene 6800 690 320
1,1-Dichloroethane 2200 2100 5000
2-Butanone 780 ND ND
1,1,1-Trichloroethane 5800 270 510
1,2-Dichloroethane 250 ND ND
Carbon Tetrachloride ND ND ND
Chloroethane ND 100 2300
Cis-1,2-Dichloroethene ND ND 480
Trichloroethene ND ND 170
Vinyl Chloride ND ND 840
Sec-Butylbenzene ND ND ND

15830 3160 9620
TOTALS

The groundwater results indicate that the groundwater in the vicinity of monitor well 4B-CN
contains the highest levels of volatile organics at 15.83 mg/l. The original proposed Study site,
2A-A, indicated a volatile organics (8260) groundwater concentration of 9.62 mg/1.

2.4 Data Needs
The data gathered during the SI indicates that the groundwater in the vicinity of 4B-C has a

higher concentration of volatile organics than in the vicinity of 2A-A. The groundwater
concentrations are significantly lower than the TtEMI reported groundwater concentrations
possibly due to the dilution occurring in the Surbec well screens. The three (3) wells installed by
Surbec were screened over the entire length of the aquifer whereas the samples collected by
TtEMI were discrete samples collected over smaller intervals. Hence, discrete depths could yield
much higher results as they are specific to that depth. As a result, Surbec_feels that additional
discrete sampling and analysis would remove much of the uncertainty and yield data necessary to
select the final locations of the injection/recovery system wells.

Another concern discovered during the SI was the detection of a probable fuel contamination at
location 2A-A. The results from 2A-A indicated the unexpected significant presence of LNAPLs.
The LNAPLs at 2A-A introduce the question whether higher groundwater concentrations of
DNAPLSs are present and are being reduced due to solubility competition with the LNAPLs (i.e.

Raolts Law).

Although the data indicates that 4B-C is potentially a more suitable site for the Study, Surbec
proposes discrete sampling in the area of the three (3) wells to verify this conclusion. In addition,
the direction of greatest contaminant concentrations at each sampling location is not known
based upon the limited data collected in the SI. This area will be determined to assist in
positioning the Study cell at the selected location.
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2.5 Additional Geoprobe Investigation
Surbec will conduct an additional investigation of 2A-A and 4B-C as follows.

1. Four (4) additional geo-probe holes will be drilled near 2A-A to collect discrete
groundwater and soil samples. The holes will be placed 15 feet northwest of 2A-A, 20
feet northeast of 2A-A, 10 feet south of 2A-A, and immediately adjacent to MW 2A-
AE. The soil and groundwater sample results from these locations will add data to
determine the vertical and horizontal direction of the source of contamination at 2A-
A, and will also add data to determine the influence of the LNAPL on DNAPL
detection and movement (Figure 2.1).

2. Six (6) additional geo-probe holes will be drilled near 4B-C to collect discrete
groundwater and soil samples. The holes will be placed approximately 30 feet
northwest of the northern well (4B-CN) installed at 4B-C, 15 feet northeast of 4B-
CN, 15 feet east of 4B-C, immediately adjacent to MW 4B-CN, immediately adjacent
to 4B-C, and 40 feet southwest of 4B-C inside the building (Figure 2.2).

The depth of the selected soil samples are documented on Table 3. The soil sample interval
distance will decrease, or the sample frequency will increase, toward the Bay Mud, the suspected
confining layer. A duplicate sample will be collected from each boring as shown on Table 3.

The soil samples will be collected from continuous cores samples obtained in plastic core
samplers during the geoprobe activities. The plastic liner will be cut at the selected depths, and a
syringe will be immediately inserted into the core. Approximately 7 cubic centimeters (cc), or 10
grams, of soil will be collected in the syringe and will immediately be placed into a 40 milliliter
vial (VOA) which contains 20 milliliters of methanol. The empty VOA and VOA with the
methanol will be pre-weighed by the analytical laboratory, and both weights will be recorded in
the laboratory field book and on the VOA label. The purpose of this method is to decrease the
potential loss of contaminant due to volatilization.

The soil samples will be shipped on ice under chain-of-custody to a Surbec associated laboratory
(Environmental Analyst Ltd.) in Norman, Oklahoma for 8260 analyses. A duplicate soil sample
from the 10.0 or 11.0 foot depth interval from each boring will be shipped to Curtis & Tompkins,
Ltd in Berkeley, California for volatile organics analyses using method 8260 for QC.

As previously mentioned, the entire soil core from surface to total depth will be collected using
plastic liners. These cores will be shipped to Surbec, sealed in the plastic liners, for additional
analyses, including preliminary laboratory screening for a surfactant system.

Discrete groundwater samples will be collected from the same depths as the soil samples,
excluding the 7.0 foot depth. The groundwater samples will be collected by inserting a screened
sampling tip to the selected sample depth, and using a peristaltic pump, connected to the tubing
attached to the screen tip, to pump the groundwater. Prior to collection of the sample, purging
will be completed. The groundwater sample hole will be placed immediately adjacent to the soil
core holes at each of the ten locations.

April 1999 Section 2.0 Site Investigation Summary 2-8



The purpose of collecting samples from different depths is to attempt to detect the presence of
the DNAPL that may be perched, fingered, or setting at the base of the aquifer, with minimal
dilution from the zone above and below. The samples collected from the locations immediately
adjacent to wells 2A-AE and 4B-CN will be used to determine the amount of dilution, if any,
seen in Surbec’s wells previously installed which were screened across the entire aquifer. The
samples collected adjacent to 4B-C will allow a correlation to be made with TtEMI’s

groundwater sampling results.

The groundwater samples will be packed on ice and shipped to a Surbec associated laboratory
(Environmental Analyst Ltd) for 8260 analyses. A duplicate sample will be collected from the
12.0 foot depth from each boring at Sites 2A-A and 4B-C, and will be sent to Curtis &

Tompkins, Ltd in Berkeley, California for QC.

The following table summarizes the soil and groundwater sample locations.

Proposed Soil and Groundwater Sampling Depths
Site Sample Type Sample Depths' Duplicate”
ft. BGS Depth ft. BGS
2A-A Soil 7.0, 10.0, 12.0, 14.0, 15.0 12.0
4B-C Soil 7.0,9.0,11.0,12.0, 13.0 11.0
2A-A Groundwater 10.0, 12.0, 14.0, 15.0 12.0
4B-C Groundwater 9.0,11.0,12.0, 13.0 12.0

Notes:

1. Samples to be sent to Environmental Analyst Ltd. (Surbec associated Lab.)
2. Samples to be sent to Curtis & Tompkins Ltd. (CA Certified Lab.)

April 1999
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TABLEY

SITE S-SUMMARY OF ANALYTICAL RESULTS
1,1,1 TRICHLORQETHANE (ug/l)

Sample Sam

ple latervals (ft.bgs)

Location Number 55-7.8 7595 9.5-11.5 11.5-138

13.5-15.5 15.5-20.9

20.0-28.0

25.0-30.0

30.0-35.0

1-2 «<0.8

13 <0 s <23
1.7 s
<08

4.9

«0.8

<0.§ <0.8

«<0.5

<ns__ t_
43

— 23 <03 <05 <08 <03 <0 <05
_ 14 <05 14 X ) <0$
_ 3 ZX) <08 <05
- 32 16 1% s <08 200 <
33 19 <03 Y <03 <05 <0 _
34 43 19 <3 <0 <0 <2
38 05| <03 <05 05| <3
. L L 1.2 <03 —_
A s | s | s <05 s _
43 Lo 13 <08 oS s es oS __|.__0%__
A4 38 34 < <0 <05 22 X <2
N o S s o 3 —
U~ R R <0 as | s _
- s <03 s | " <ns

<0.8

s <08 <3 T

<03

<0.3

4 7 1 T Y
_. s <05 o5 | s e
&1 s <88
R E s T et - <0
63 T I es s | s T
64 T 8 o8 _ YT -
6 _ <08 - <08 IR T
1 T ) T s
1-2 . D B Y R
= R U N DEDRR DU DA LI

Note: Concentrations ate taken directly from the Onsite Lab Certified Analytical Reports
¢* Estimated value, over calibration range
. bps = feet below ground surface
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TABLE 10
SITE 5-SUMMARY OF ANALYTICAL RESULTS
1,1 DICHLOROETHANE (ug/N)

Sample
Location Namber

Sam

ple Intervals (fL.bps)

9.5-11.5

11.5-13.8

13.5-15.5 15.5-20.0

20.0-25.0

25.8-30.0

-2

B E
N = S

>
R = R
I = I
R = D
S T
IR =
R = B

38T

AV T
AT
S
R

0.3

«0.5

«0.3

o DU I U B
e YL ;
53 I 13 1]

Ty

0.8

Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reports
** Estimated value, over catibration range
N hps = feet below ground surface
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TABLE 1t
SITE 5-SUMMARY OF ANALYTICAL RESULTS
1,1 DICHLOROETHENE (ug/l)

Sample

Sample Intervals (fL.bgs)

Location Number

7.5-9.5

11.8-13.5

13.5-15.8

15.5-20.0

20.0-25.9

23.0-308

30.0-35.0

12

13

«<0.8

2t

0.5

22

«0.8

T

1 67 <03 <08 <08
38 08 Y s <08 <08 b
2.8

LS

<0.8

11

<0.5

.62

<0.8

.S

0.3

<0.5

«<0.8

<0.%

o | T s s L
63 s _ s | s | < o
64 | s | s | L _

6-8 «0.3 <0.8 _ L i
71 _ i X N
XN R T LI T s I _
= R W D P RO I D DR D
4 T <8

Note: Concentiations are taken directly from the Onsite Lab Cestified Analytical Reports

ft. bes = feet below ground surface
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TABLE 12

SITE 5-SUMMARY OF ANALYTICAL RESULTS

cis 1,2 DICHLOROETHENE (ug/l)

Sample

Sample Intervals (ft.bps)

Location Number

9.5-11.5

11.5-13.5

13.5-15.5

15.5-20.0

25.0-30.0

30.0-35.0

L

3

o n_

«0.3

<08

«0.5

«0.3

st T T es | T s <05 s B
e 82 . ) s | " as . .
. 5-3 U . O.M____ Il_ !lﬂl _ __dg_ . _“_ I 17 ~
RO SR N R LCO I TN B T —
s <08 <0.5 @8 | _
61 - s | s | T s -
i 6 _ TR . T4 Y .
63 - s

Note: Concentrations are tsken directly from the Onsite Lab Certified Analytical Reports

. bes = fect below ground swface
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TABLE 13
SITE 5-SUMMARY OF ANALYTICAL RESULTS
trans 1,2 DICHLOROETHENE (ug/)

Sample Sample Intervals (fLbgs)
Location Namber $.5-1.8 7.5-9.5 9.5-11.5 11.5-13.8 13.5-15.5 15.5-20.9 20.8-23.9 25.0-30.9 30.0-35.0
12 s__ -
1-3 <08 Y] <08 <s
2-1 <83 <03 <05 <08 <08
22 <88 <08 <0.8 <8 <0.8
13 18 18 <08 [X) <08 Y]
24 <08 <08 <0 <88 <08
—_ - os___ <05 «8.5
32 <0.8 <0 » n <0.8 EY)
33 <08 <05 <08 11 1.5 <0.8
34 <08 16 s 1 18 Y
3-8 <08 0.63 s EY) <0.8
L [X] <0.8 s 0.59 _ )

U s __ |08 = N P, SO DU, S -
43 <08 <0 1 | X LX) Y] <08
R <0 <05 st 84 ) <08 <48 <08
A4S a5 as 0.8

i 46 <08 s 0.6 e | .
—-. 3 b <3 s s __
32 34 <3 oS

83 0.8 s | o 0 7.7 16

o 3 u_ | s _s_ | __<s

58 <08 <3 s L

e <03 <0 <04
... &2 <0 @8 | ] s <23 .

= <8 <08 s <48 _
- ws | e VT .
65 s . s _ . S
ST 14 YO <03
- g U P _— o <03 - - e
N2 SR D B o S| s e = ]
“ =3 e Lo e s
Note: Concentrations ste tsken directly from the Onsite Lab Cestified Analytical Reports
fi. bes = feet below ground surface
hd
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TABLE 14
SITE 5-SUMMARY OF ANALYTICAL RESULTS
CHLOROETHANE (ug/l)

Sample Sample Intervals (ft.bgs)
Locstion Number $8-78 1.59.5 95-11.8 | 115133 13.5-15.5 15.5-20.9 20.0-25.0 25.6-30.0 30.8-35.0

-3 <03 <08 Y <05

X Y 27 .8 s | <es — .
12 Tl s |0 08 Y s

T3 T TN Tes " 4 82 T T A D A B .

e 32 1.2 <03 11 0| s "
33 S <08 s 01 o6t |18

WA n % __ LA (UL n Lod
. _3s <08 <0.3 <0.8 <05 <0.8
A <03 <0 0.58 s

42 <03 <08 s 8 _ <88

e 43 ! s <08 [ Y] X <08 <08
R o ; 8y | s 63 e T s <

s 30 _ s
e __4-6 R _:Og <05 4.3 < §_ )
51 L <08 <0.8 < <08

STss T s | s s | o= |

e ] S D TN DR TR B <03 R
62 s e T T e e e
6-3 0.8

"9 Y —— ] - _—l— .- __

Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reports
N bgs = feet below ground surface

Pagetoft




TABLE 1§
SITE S-SUMMARY OF ANALYTICAL RESULTS
TRICHLOROETHENE (ug/l)
Sample Sample Intervals (fLbgs)
Location Number 55.75 7.5-98 9.5-11.% 11.5-13.5 13.5-15.5 15.5-20.0 20.6-25.0 25.0-30.0 30.0-35.0
1-2_ <0.8
13 <08 <8 <08 <88
21 0S8 1.3 <0.8 <08 <0.8
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34 43 06 <08 0.5 <08 <23
3 13 12 <03 <08 s
__ﬂ-! 14 10 43 <|§
_!:1- 0.96 L] 0.8 f_O.S <0.8
__4-3_ !.9 50 1.3 ‘____fﬂ.S NS <!2 .8 <9.S
e _‘—4_ . 1.7 0.7 8.4 11 «0.3 ____<1!§ 0.3 <0.8
A8 <08 a2 U ..
. .9-6 I ____‘105 <08 08 08 .
I _§-! !:12 0.3 <0.8 s
- S e .17 LU IO, . S
T T T | s | e T as s ) M| © ] ]
o A Y TR DR N B : <8 <03
_ L8 R _ __<0.5 <0.5___ <0§ . e
61 T Yy <08 L <08 o
I D D N - XN T as <08 . j
63 <0s _ s s | eS| i }
_ed T s | em I R . — )
. 6-‘ I <0.5_ 0.8 ; _ o
. <03 ___ .
72 0.8 . e
(% D - T T Tas o _ o
7-‘ T -<0.S B R
Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reporis
R bps = feet below ground sulace
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TABLE 16
SITE 5-SUMMARY OF ANALYTICAL RESULTS
VINYL CHLORIDE (ugh)
Sampte Sample Intervals (ft.bgs)
Location Number 558-78 7598 9.5-11.8 11.5-138 13.5-15.8 15.5-20.0 20.0-25.0 25.0-30.0 30.0-35.0
) !:2 «0.5
13 8 <08 <08 <08 ~
21 <08 38 Y <0.8 <08 o
23 s @s_ (Y] 0.8 <0
13 76 '3 1) ” <A Y] __
24 <5 <0 13 8s X
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32 18 <08 4% 10 Y] Y]
33 <08 2 31 7 0y 15
_34 45 1 17 1.5 24 Y
3§ <0s 068 14 <as Y _
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41 <08 s as Y <8 _
43 s <03 s YO <08 s s 0.8
I~ s | (R DR D N T Y as | @5
A5 00 - 230 <08
_.46 __ — 3 _ |8 | s R - —
T S Y <0s <03 <08 I
52 T 36 1.0 s .
—— 33| s <08 0s 1 |1 |__n 13
.84 18 3 n T @s | s I
5 <08 <0 s |
& T s <0.8 <08
_______ 6-2 <8 " ) <0.S
— 53 s <5 <0.3 <08 I
. . 84 <03 _ -
&S <03 <035 B
_______ 1 <03 —
—— . 3 T R
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Note: Concentrations are taken directly from the Onsite Lab Certified Anslytical Reports

N. bgs = feet befow ground surface
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SCAPS/BERC INVESTIGATION DATA TABLES
1996 THROUGH 1998
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Table 2-1
Summcy of Anslytical Results for Scil Samples Brom 1958 SCAPS Investigation N .
Analytical S8 .28 s2¢ 529 529 330 330 $:30 530 .38 338

Purumeter Method 6Sfect  TOfect  30fect fet _ BOfect 100fet [1Ofest 120fcet 46fcet  70fcct  80Get 1)0fcet 30 fect _ 90(feet
Volatile Orgsnle Compounds $260

n-Butybenzens 23 <3 <03 <3 1 <03 03 <3 e Y o <05{___3018

Chloroethane <05 <05 <05 <3 <03 <03 <05 <0§ @3 <0$ <05 <05

1,2-Dichlorobenzens <0s <03 <05 <5 3 <3 <03 <03 LY <03 <03 019

1,1-Dichlorocthane <0s <08 << <os5| ___ 149 5.80] 0,58 028 <0s____ 176 0.65 613

1,3-Dichloroethene ©3 <03 0.5 <05 <05 <03 <0.$ <05 <05 <03 <05 254

cis-1,2-Dichloroethene <03 <08 <05 <05 134 228 2.09 298 5.66 1.68 148 1813

Ethylbenzene <0 << <0.s <as Y] <03 <0$ <05 Y 0.46 <05 37

Freon 113 <s <3 D3 3 <3 03| 0.33 0.39) <05 3.06 08| 786

Isopropylbenzens <05 05 <0.$ <03 <3 <os <03 <05 <05 069  <os] - 4us

plsopropylioluene <0 <03 <08 <3 <©s <03 <5 <08 319 0S| 96 . ]

Methylene chloride @5 @3 s o5  <os_oz w5 <05 <5 s s —od ©5___ <05 <0
Naphthalene <3 ©3 <8 <03 <05 s Qs <0 <5 34 <05 _am <os|____1o0m] 114
n-Propylbenzens <05 <0.5 <05 <03 <0.5 <0.$ «0.§ <03 «) § <08 «<0.$ <40
sec-Butylbenzene << X <03 <03 <05 <05 <0 s <°5 <30
tert-Butylbenzens <08 <3 3 <03 <3 <03 <03 <05 <5 <30
Tetrachioroethens <03 <035 <03 <03 <03 <3 <03 <03 <05 “.16 3997
Toluene <05 <5 <0.5 <038 <0S <03 0.5 <0.8 <0.$| 20.58 68.52
1,1, 1-Trichloroethane : Y] Y <0 <osl eesl  oes] oell <os 05 108 462
1,1,2-Trichlorocthane <03 «<0.5 <03 <0.5 <0.% 3 «0).$ <0.8/ 0.36) <30
Trichloroethene . | 047 0.49] 05 o1_] usl nnssl 104 ten] S 45) 2170
1,2, 4-trimethylbenzene . <0.5 <0.5 <03 <0.§ <0.3 <0.5 <0.3 «<0.% 72.03 109
1.3.5-trimethylbenzens <03 <03 <03 <3 <o.s 03 <05 <03 <osl___25.18 28585
o-Xylene <03 <03 0.8 <0.8 <0.5 <03 <0.5 <03 <0§| 9.26/ 17.13
pm-Xylenes €3 <03 <05 S X] <05 <03 <05 <0 | <0 e T
* Totsl Volatile Organic Compounds - ° 0 i 07 ] n " 7] ] 151 n 1833 0 904 336308
Tota) Extractabls Privoleum ‘

Hydroearbon $015M NA NA NA NA NA NA NA NA NA NA NA NA NA 25,000 9400
Notes:

<Mcmﬂdw~n¢dﬂuﬂdhd¢mlﬁnﬁiﬂkﬂd
NA= Not Amalyzed

Total extractable petroleum hydrocarbons are characterized sss Jet Fuct Cl0C42).



Table 2-2
Summary of Soil Analytical Results from NAPL Investigation

+

T™MW-S TMW.6  TMW.? ™W-? ™W-? ™MW ™WS ™MWS  TMW.S ™W.9 T™W.9
Anslyls Mathod 138fet 108110 fost 55-60fest 2580 et 10.5-11.0 fost 60-6.5 fost 1018fm 8 4833 fwm 20-1.5fort _ 100-10.5 foet
Velathe Organkc Compounds 8260
Benzene <0008 <0.008 <0.008 <0005 <0.00% <0.005
n-Butylbenzens <0008 <0005 <0008 <0.008 <0008 <0008
soc-Butylbenzens <0003 <0.003 <0.005 <0.00% <0008 <0.005
Curbon disulfide ‘ <0003 <0005 <0.008 _ <0.008 <0008 <0.008
1,1-Dichiorocthane «ml ©.0093 0.012 <0005 | 0.034 | 0.026
ois-1,2-Dichioroethans 0.13] 0.022 0.012 0.0043') 0.12) 0.045
Froon 113 <0.008 <0005]__ 6.0078 <0005 <0.005 <0.005
Methylena chloride <0020 0020 <0020 D020 oo 020
Nephihatens <0.008 D005 <0008 <0008 0005 <0008
Pers-isopropy! toluene <0.008 <0.008 <0.008 Q008 <0008 <0.005
Propylbenzens <0008 <0.008 <0008 <0.005 <0.003 0008
Tetrachioroethans ; <0.008 <0.003 0.18) <040(')$ 0.0031]7 <0.003
1,1,1-Trichioroethane 8.0012 <0.003) 0.078 <0008 0.0077] | 0.004811
Trichloroethene 0.14] 9.0088! o.ooss] 9.064 0.038
1,3,5-Trimethylbenzene .00 <0.008 «<0.008 .00 <0.005% <0008
1,2,4-Trimethylbenzsne x 0005 <0005 0008 0,005 <0.008
m,p-Xylencs <0008 <0008 <0.008 D008 <0005 <0.00%
o-Xylene 0,008 <0008 0008 <0008 <0.008 <0003
Total Volatile Organic Compounds 0414 0.040) 0.6498 00108 02508 attos
Total Extractable Petroleum '
Hydmgrbom t015M < < 1300 YR 11000 YLR S9YH <1 41 YH < 1™H <) ]
Noles:

< indicates consituent was not detected at the detection fimit indicated
Y: Sample extibita fuel pattem which does not resemble standard
$: Hoavier hydrocarbors than indiceted standard

L: Lighter hydrocarbons than indicsted standard

I: Batimated value




Table2-3 . .
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265

Concentration, parts per million
Sample .
Location _Depth, feet Trichloroethene  Dichloroethene  Tetrachloroethene
MiIP21 3.0 5 ND ND
MiP21 40 4 ND ND
MIP21 50 - 12 ND ND
MIP21 6.0 12 ND ND
MIP21 ' 70 16 ND ND
MIP21 80 42 ND ND
MIP21 9.0 30 ND ND
MIP21 10.0 18 ND ND
MIP21 - 11.0 ' 33 ND ND
MIP21 12.0 15 ND ND
MIP21 12.8 1.5 ND ND
MIP21 14.0 ND ND ND
MIP21 15.0 ND ND ND
MIP22 30 ND ND ND
MIP22 40 2 ND ND
MIP22 5.0 2 ND ND
MIP22 60 1 ND ND
MIP22 70 9 ND ND
MIP22 8.0 113 ND ND
MIP22 90 95 ND ND
MIP22 10.0 4 ND ND
MIP22 110 ND ND ND
MIP22 12.0 ND ND ND
MIP22 13.0 ND ND ND
MIP22 14.0 ND ND ND
MIP23 30 ND ND ND
MIP23 40 ND ND ND
MIP23 50 ND ND ND
MIP23 6.0 ND - ND ND
MIP23 70 0.5 ND ND
MIP23 8.0 ND ND ND
MIP23 90 ND ND ND
MP23 100 ND ND ND
MIP23 110 ND ND ND
MIP23 12.0 ND ND ND
MIP24 30 ND ND ND
MIP24 . 4.0 ND ND ND



Table 2-3
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265

Concentratio; million

Sample
Location __Depth, fest

:
8
g
%
E
i
B

MIP24 50 ND ND ND
MIP24 60 ND ND ND
MIP24 70 ND ND ND
MIP24 8.0 ND ND ND
MIP24 90 ND ND ND
MIP24 10.0 ND ND ND
MIP24 11.0 ND ND ND
MIP24 12.5 ND ND ND
MIP25 - 3.0 ND ND ND
MIP25 40 ND ND ND
MIP25 5.0 1 ND ND
MIP25 6.0 6 1 ND
MIP25 70 3 ND ND
MIP25 3.0 2 ND ND
MIP25 9.0 3 ND ND
MIP2S 100 5 ND ND
MIP25 115 8 4 ND
MIP26 3.0 21 ND ND
MIP26 40 ND ND ND
MIP26 50 52 ND ND
MIP26 6.0 43 ND ND
MIP26 7.0 4 ND ND
MIP26 8.0 1 ND ND
MIP26 9.0 0.5 ND ND
MIP26 10.0 ND ND ND
MIP26 11.0 ND ND ND
MIP26 12.0 ND ND ND
MIP27 30 ND 'ND ND
MIP27 40 ND ND ND
MIF27 50 50 ND ND
MIF27 6.0 10 ND ND
MIP27 70 5 ND ND
MIP27 8.0 550 ND ND
MIP27 9.0 250 ND ND
MIP27 10.0 ND ND ND
MIP27 11.0 ND ND ND
MIP27 . 12.0 ND ND ND
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Table 2-3

Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265
Concentration, parts per million
Sample )
Location __Depth, feet Trichloroethene __ Dichlorocthene Tetrachloroethene

MIP31}
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31

MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32

MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33

MIP34
MIP34

MIP}M4
MIP34

30

40
50
6.0
7.0
8.0
9.0

100

110

120

130

140

30
40
5.0
6.0
70
80
9.0
100
110
120

30
40
50
6.0
70
8.0
9.0
10.0
11.0
120

30
40
5.0
6.0

covoswn0B8 B8us.B8888 B8oazz...08888

5888

5388 BEBEEEEEEE 66566586885 565886868888

5588 6586855568 ©566566568688 656858888588



Table 2-3
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analyucal Method 8265
Concentration, parts per million

Sample -
Location  Depth, fget Trichloroethene  Dichloroethene _ Tetrachloroethene
MIP34 70 ND ND ND
MIP34 8.0 ND ND ND
MIP34 9.0 ND ND ND
MIP34 10.0 ND ND ND
MIP34 11.0 ND ND ND
MIP34 12.0 ND ND ND
MIP35 3.0 ND ND ND
MIP35 40 ND ND ND
MIP35 50 ND ND ND
MIP35 6.0 ND ND ND
MIP3S 70 15 ) ND
MIP35 8.0 2 63 ND
MIP35 9.0 s5 69 ND
MIP3S 10.0 100 60 ND
MIP35 11.0 59 2 ND
MIP35 120 11 25 ND
MIP37 3.0 6 ND ND
MIP37 40 78 ND ND
MIP37 5.0 55 ND ND
MIP37 6.0 47 ND ND
MIP37 70 192 ND ND
MIP37 30 1223 ND ND
MIP37 9.0 1786 ND ND
MIP37 100 998 ND ND
MIP37 11.0 80 ND ND
MIP37 120 35 ND ND
MIP39 3.0 ND ND ND
MIP39 40 ND ND ND
MIP39 5.0 ND ND ND
MIP39 6.0 ND ND ND
MIP39 70 ND ND ND
MIP39 3.0 ND ND ND
MIP39 9.0 ND ND ND
MIP39 10.0 ND ND ND
MIP39 110 ND ND ND
MIP39 120 ND ND ND

Y



Table 2-4
Summary of Analytical Results for Goundwater Sampics from 1996 Initial Investigation

: Concentration, miligram per liter
3BC 3BD
Analytical

Parameter Method 10 foet 12 feet 10 feet 13 feet 20 feet
Volatile Organic Compeunds 8260 Screen
Carbon tetrachloride 0.0 0.012| 0.0045 <0.0008 <0.0005
Chloroethane : . 8.0046 ©.0006 0.00078] 0.041 <0.0005
L1-Dichlorocthane : e.170} 0.051 0.170} 0026 <0.0005
1,2-Dichloroethane .0006 0.0019) 0.0019 <0.0008 <0.0005
1,1-Dichloroethene 0.034 0.0219 _a113 0.0017 <0.0005
cis-1,2-Dichiorocthene _8.180 0.120 0.652 0.0007 <0.0005
trans-1,2-Dichlorocthene 0.0028 0.013 0.024 8.0021 <0.0005
Ethylbenzene _<0.0008 <0.0008 <0.0005 <0.0008 <0.0005
Tetrachlorocthene l s.023) a.0015] 0.0038 <0.0005 <0.0005
Toluens <0.0008 <0.0008 <0.0008 2.00083 <0.0005
1,1,1-Trichlorocthane _0.150 0.077 0.028 £.00059 <0.0005
Trichloroethene : 0320 0.050 0.130 0.0028 <0.0005
Vinyl chloride __.00085 0.012 0.046 0.0006|  <0.0005
m.p-Xylenes : <0.0008 <0.0005 0.00077 0.00051 <0.0005
o-Xylens <0.000S <0.0005 | 80007] = <0.0005 <0.0005
Total Volatile Organic Componnds 090755 03614 057638 0.07746 <0.0005
Notes:

< indicates consituent was not detected at the dotection limit indicated

-4
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3.0 TECHNOLOGY DESCRIPTION AND PROCESS DESCRIPTION

Surfactant-Enhanced Subsurface Remediation (SESR) is a unique technology for expediting
subsurface remediation. The surfactants applied in SESR are nontoxic and commonly used in
soaps, lotions, shampoo, and even food products. The surfactant system, usually an anionic or
nonionic surfactant, is designed to remove organic contaminants, including chlorinated solvents,
from contaminated soil. Surfactant/cosolvent systems can increase the solubility of hydrophobic
organic compounds by several orders of magnitude and/or can significantly increase the mobility of
nonaqueous phase liquids (NAPL). The result can be a significantly reduced remediation time,
increased removal efficiency (up to 3 or 4 orders of magnitude), and reduced costs of removal.

The amphiphilic structure of the surfactant causes the surfactant molecules to prefer interfacial
regions, thus making them "surface-active" (refer to Figure 3.1). The monomers will continue to
accumulate at the air/water and soil/water interfaces until saturation occurs. When the surfactant
concentration in aqueous solution reaches the point of interfacial surface saturation, or the
“critical micelle concentration” (CMC), the surfactant molecules (monomers) will aggregate into
dynamic clusters called micelles. The effective solubility of NAPL compounds in micellar
surfactant solutions can be several orders of magnitude higher than in water alone because
hydrophobic compounds will partition into the “oil-like” interior of the micelles.

Surfactant/cosolvent solution chemistry can be optimized to produce ultra high solubilization
capacities without mobilization of the NAPL (ultra solubilization). Ultra solubilization can be
achieved by optimizing the surfactant phase behavior between solubilization and mobilization
(Figure 3.2). In general, micellar systems transition from normal to swollen micelles (Winsor
Type I), to middle phase systems (Winsor Type II), and finally to reverse micelles that reside in
the NAPL phase (Winsor Type II). For a given NAPL, this phase behavior can be regulated by
solution salinity and hardness, temperature, and properties of the surfactant or surfactant mixture

(Shiau et al., 1994).

If the interfacial tension (IFT) at the NAPL/water interface is sufficiently reduced, trapped
droplets of NAPL can be released. However, there are special considerations that must be
incorporated into the design of this process. One primary concern is the potential for increased
vertical movement of DNAPLs. Hydraulic control systems could be designed to account for
increased vertical flow potential. Another alternative is to design the system to counter vertical
density gradients by adding sufficient low density substance (that is, cosolvent) to neutralize the
effect. In addition, the viscosity of the flushed solution can be adjusted (increased) to offset the
effects of reduced IFT. Also, the formation of middle phases (mobilization mechanism) is
sensitive to changes in water chemistry. Consequently, the mechanism of choice for this site will
be made based on careful review of soil/water geochemistry, contaminant distribution, and site

geology.

Surfactant flushing solutions can be designed to be effective under most subsurface conditions. In
most cases, the effectiveness of surfactant flushing solutions is not reduced due to the presence of
more than one contaminant. Natural occurring divalent cations and salts can affect the performance
of certain surfactants and may also affect the removal efficiency for cationic heavy metals.

April 1999 Section 3.0 Technology Description and Process Description 3-1



However, it is possible to design an effective surfactant system for removal of the target
contaminants under any of these conditions.

A number of factors influence the overall performance and cost effectiveness of SESR systems.
These factors include:

« Local groundwater chemistry

o Soil chemistry (for example, sorption, precipitation)

» Ability to deliver the surfactant solution to the area of contamination

« Surfactant effects on biodegradation of the NAPL compounds and degradation of the
surfactants themselves

« Public and regulatory acceptance

« Cost of the surfactant

« Recycling and reuse of the surfactant

» Treatment and disposal of waste streams

Surfactant reuse is important for economic optimization at most sites. High surfactant recovery
from the subsurface and effluent stream improves the economics of the technology. In response
to this requirement, Surbec and the University of Oklahoma jointly developed an integrated
process of surfactant injection, recovery, separation, and concentration for reuse.

Some hurdles have been cleared in gaining regulatory approval for surfactant injection into
aquifers. The University of Oklahoma (Knox et al., 1997) was able to gain regulatory approval
for a surfactant injection in Michigan by using modeling studies, laboratory studies, and toxicity
data to demonstrate that such a test was controllable and safe. Trust Environmental and Surbec
recently received regulatory approval to implement a recirculating surfactant remediation system
at an underground storage tank site in Shawnee, Oklahoma. Surbec obtained permission from
the Oklahoma Department of Environmental Quality to perform a surfactant injection test at
Tinker Air Force Base in Midwest City, Oklahoma. In each case, no physical barriers were
required, and the surfactant was recovered using hydraulic control measures. Surbec has recently
obtained permission from the EPA to inject and re-circulate surfactant for a demonstration at
McClellan AFB in Sacramento, California.

A primary objective for the proposed flushing demonstration is contaminant separation from the
surfactant. With regulatory approval, surfactant reinjection would be a valuable demonstration
and would be a major step toward eventual commercialization of surfactant-enhanced

remediation systems.

In order to reinject the surfactant, the contaminant must be separated from the surfactant in the
waste stream, then the surfactant must be reconcentrated. An example of an overall treatment
process is illustrated in Figure 3.3. The presence of surfactant lowers the efficiency of air-
stripping and can potentially cause foaming. Models and design equations have been developed
to account for the reduced efficiency of air stripping caused by surfactant; thus, air-strippers can
be designed to achieve the desired removal efficiency (Lipe et al., 1996; Hasegawa et al., 1997).

April 1999 Section 3.0 Technology Description and Process Description 32



Systems incorporating air-stripping for surfactant-contaminant separation along with micellar
enhanced ultrafiltration (MEUF) for surfactant recovery and reuse have shown promise (Ang and
Abdul, 1994; Lipe et al., 1996). The proposed MPP system should remove 99%+ of the VOC
from the surfactant solution. In MEUF, ultrafiltration membranes allow water and surfactant
monomers to pass through the membrane while the micelles are retained by the membrane. This
effectively concentrates the surfactant in the extraction stream (which is more dilute than the
injection stream) and allows for surfactant reuse.

Several air-stripping processes have been evaluated in the field. Packed columns have been
successfully used at Hill AFB and Tinker AFB for contaminant removal from recovered
surfactant streams. Also, hollow-fiber membrane strippers have been utilized for the same
purpose. More recently, tray strippers have been evaluated for removal of surfactant monomers
from solution (via foam fractionation), as well as for separation of the contaminants. This
process was successfully demonstrated at Shawnee, Oklahoma.  Surfactant monomers were
removed in the foam produced in the air stripper effluent and captured in a storage tank. In
addition, contaminant removal from the waste stream was enhanced.

Subsurface biological processes can complement surfactant-based technologies and allow for
effective natural attenuation of both surfactants and contaminants, resulting in an
environmentally friendly means of eliminating subsurface contamination. Work in several
laboratories (Freedman and Gossett, 1989; Vogel and McCarty, 1985; and deBruin et al., 1992)
has shown that complete conversion of Petrachloroethylene (PCE) to ethylene, and in some cases
to ethane, is possible given the appropriate conditions. These conditions include the use of other
substrates such as methanol or lactate. There have been several reports of bioremediation studies
in which dechlorination of PCE was observed to occur at the aquifer level (Beeman et. al., 1994;

and Major et. al., 1995).
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4.0 PROPOSED PROJECT WORK PLAN

The Navy’s overall approach to the project is outlined in this section. This approach is based on
the project goals, site-specific information and our past experience in this field. Each section
outlines the project approach including site-specific design parameters. The proposed Work Plan
follows the outline listed below. A schedule showing the expected duration of each project phase
is included in Section 5.0.

1. Regulatory Approvals: Obtain necessary regulatory approvals prior to initiation of the field
work. ' _

2. Site Investigation Well Installation/Aquifer Testing: Install wells and collect appropriate
samples.

3. Process Equipment Design, Construction and Installation: Provide for design of on site
process equipment and test for proper operation.

4. Surfactant Screening and Selection: Identify optimal surfactant solution.

5. Pre-Tracer Testing: Conduct conservative tracer tests to confirm capture zones and
partitioning tracer tests to confirm contaminant distribution and quantify pre-flushing NAPL
mass.

6. System Operation: Implement the SESR flood.
7. Post Test Partitioning Tracer Testing: Evaluate post-flushing NAPL mass.

8. Demobilization and Site Restoration: Implement procedures for leaving the site in an
acceptable condition after completing the demonstration.

9. Residuals Management/Material Storage: Follow storage requirements for raw materials,
process water, and waste materials.

10. Reporting: Implement procedures for updating project progress and creating final report
documents.

4.1 Regulatory Approvals
The Navy will obtain all regulatory approvals prior to initiation of any fieldwork. The approvals

may include, but are not necessarily limited to, wastewater discharge of the recovered and treated
groundwater and air discharge from the system.

Injection/Reinjection Permitting
Based upon a discussion with the U.S. Environmental Protection Agency (EPA), a permit waiver

will not be necessary for injection of the surfactant solution, and reinjection of the retentate
solution. California EPA (Cal/EPA) does not have a program in place to regulate injection, hence
the governing of injection falls to the U. S. EPA under 40 CFR 144 (Underground Injection

Control Program).

U. S. EPA Permitting
Based upon the Code of Federal Regulations (40 CFR 144), the injection wells for the treatability

study will be considered Class IV injection wells. The regulations prohibit the construction or
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use of Class IV injection wells except under 40 CFR 144.13(c). This regulation allows the
permission of use of a Class IV injection for injection of contaminated groundwater that has been
treated and is being injected into the same formation from which it was drawn, under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
42 U.S.C. 9601-9657, or pursuant to requirements and provisions under the Resource
Conservation and Recovery Act (RCRA), 42 U.S.C. 6901 through 6987. However, a waiver will
not be required from the USEPA to reinject the retentate (solution retained behind the
membrane) solution back into the groundwater system because the pilot project is being
conducted as part of the ongoing CERCLA activities. The injection of the surfactant solution at
the start of the project is allowable as long as none of the solution constituents exceed any

Maximum Concentration Levels (MCLs).

Cal/EPA Department of Toxic Substances Control
The California Department of Toxic Substances Control DTSC does not regulate

injection/reinjection, but does have regulations concerning “degradation” which will need to be
addressed with the DTSC.

Air Permitting

Air permitting issues will be handled through the Bay Area Air Quality Management District. It
is not anticipated that a permit will be required as the work will probably follow guidelines for
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) under CERCLA.

Wastewater Disposal
Upon discussion with the East Bay Municipal Utility District (EBMUD), a wastewater discharge

permit will be required. The Navy is currently filing application with EBMUD. The EBMUD
permit will be submitted in January 1999. The wastewater treatment facility has maximum
allowable influent concentrations that must bé met to allow for discharge to the facility. General
acceptance standards are as follows:

« Total Benzene, Toluene, Ethylbenzene - 5 ug/L
Xylene (BTEX)
o Total chlorinated solvents - - 0.5 mg/L
« Chemical Oxygen Demand (COD) - 500 to 1000 mg/L

In the event that the EBMUD permit can not be obtained prior to the implementation of this
project, the Navy will send wastes to a nonhazardous waste treatment facility. In order for that
facility to accept residual fluids, all of the fluids must be below the characteristic hazardous

waste levels.

4.2 Well Design and Installation
The following sections outline site investigation and the design and installation of

injection/recovery system. Well locations were determined through the use of three-dimensional
groundwater modeling analysis.

42.1 Preliminary Groundwater Modeling
MODFLOW and MT3D analysis were used to determine potential injection/extraction well

April 1999 Section 4.0 Proposed Project Work Plan 4-2



g

placement locations, evaluate hydraulic capture of the well system, determine potential
groundwater production as a result of the recovery wells, and evaluate long-term fate of
surfactant not recovered. Surbec and the University of Oklahoma have worked jointly on the
groundwater modeling presented in this section.

In order to design an effective injection extraction system, the site geology and hydrogeology
must first be understood. Surbec has thoroughly reviewed site investigation reports as
documented in Section 2.0 of this report. Hydrogeological information, such as hydraulic
conductivity, porosity, bulk density, and storage coefficient, was put into numerical groundwater
models to simulate aquifer conditions. The model was not calibrated to site pump test data
because this information was not available at the time of the preliminary model analysis.

4.2.1.1 Model Setup

The purpose of the MODFLOW analysis is to develop a preliminary design for the
injection/extraction system and evaluate subsurface flow patterns beneath the site. To achieve
the pre-design goals, simplifying assumptions were made (for example, homogeneity within a
geological layer and uniform depths to each layer). The development of the model cross section
(refer to Figure 4.1) was developed using the site-specific data included in Section 2.0 and other
site information. Assigning conductivity distributions for the different models is key to the
development of a realistic representation of the site. Sparse data from boring logs, sieve analyses
and permeability measurements have led to the generation of a simple model is separated into
two distinct hydrogeological units. The upper unit (0°-14’) consists of fill material. The
hydraulic conductivity of this layer was determined through the completion of several slug tests
that resulted in a hydraulic conductivity ranging from 1 foot per day (ft/day) to 5 ft/day (refer to
Section 2.0). Information provided by the Navy indicated that the hydraulic conductivity in the
area is 8 ft/day. The lower section consists of Bay Mud (14° — 30°) which has a hydraulic
conductivity approximately four orders of magnitude less than the fill material. The model was
setup using the information included in Table D1 (Refer to Appendix D). Groundwater flow
direction is highly variable and can change direction by 180°. As a result, for modeling purposes
it was assumed that groundwater flow was to the south. '

4.2.1.2 Conceptual Well Location Scenario and Design

The line drive well configuration was evaluated in the modeling study (refer to Figure 4.2 and
Figure 4.3). In this configuration IW-1 and IW-2 are the surfactant injection wells, IW-3 and IW-
4 are hydraulic control wells and RW-1 through RW-4 are recovery wells. The model was set up
so the wells were screened from 7°- 16’ bgs (approximate depth of the Bay Mud). The well
configuration was evaluated at injection rates ranging from 2 gallons per minute (gpm) to 3 gpm.
The recovery rates in the recovery wells were also varied from 2 to 3 gpm. The model results
indicated that the wells would pump dry at 3 gpm (assumes a 5-day pumping scenario and a
hydraulic conductivity of 8 ft/day). The most efficient system appeared to consist of a balanced
(1:1) injection/recovery ratio. For the optimal pre-design scenario, the injection wells IW-1
through IW-4 were set at 2 gpm and the recovery wells RW-1through RW-4 were set at 2 gpm.

A critical issue is the potential for uncontrolled vertical migration of the NAPL. The approach
depends on the hydrogeologic conditions at the site. Since this project area is underlain by 14’ to
30° of low permeability Bay Mud, vertical migration should not be an issue. However,
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precautions will be taken to ensure vertical migration will not occur. During column testing in
the laboratory, the potential for mobilization will be evaluated and quantified. If the laboratory
analysis indicates that vertical migration could be an issue, methods such as neutral buoyancy,
where alcohol is used to offset DNAPL density gradients, will be used to mitigate these effects.
Another method is to use a surfactant concentration gradient in which the solubilization potential
of the surfactant is low at first and increased as the flood progresses (refer to Section 4.2.6 for

additional details).

In addition, a sampling point will be placed in the Bay Mud sediments at a depth of five (5) feet
below the fill sand/Bay Mud contact. The expected depth of this sample point is twenty (20) feet

bgs.

4.2.1.3 Surfactant Fate and Transport
All of the chemicals proposed for use at the site are non-toxic and nonhazardous. Most of them

have food-grade additive status from the Food and Drug Administration and the remainder have
food contact grade status (refer to Table 4.2). Surfactant injection should not have any
significant effect on geochemical parameters such as pH. The only potential effect may be with
respect to biodegradation. Surfactants can act as substrate for microbial activity, and any
surfactant not recovered may become food for the microbial community. If the enhanced
solubilization system is used, the calcium or sodium and chlorides in solution will increase the
total dissolved solids at the site.

The surfactant transport has been simulated in the model by incorporating advection, dispersion
and sorption mechanisms (MT3D). Advection is the primary driving force for plume migration
and has been incorporated based on the preliminary site data. Dispersion has been assumed
based on the lithology encountered for the most permeable zone. This assumption results in the
least dispersion and highest migration potential. Sorption has been simulated using linear
sorption constants observed at other sites for commonly used surfactant. The flushing model
incorporates 5 days of surfactant, followed by 5 days of potable water, flushed through the
treatment plot, subsequent to the surfactant flush. The breakthrough curve illustrated in
Appendix D shows the predicted surfactant recovery concentrations and time for breakthrough.
The model showed a higher efficiency with less flow through the center of the plume and good
capture in the test area (refer to Appendix D Figures D1 through D5). Based on this information,
it appears breakthrough of one complete pore volume occurs within 1 to 1.5 days. The shape of
the breakthrough curves also indicates that the post surfactant test water flood duration of 5 days
is sufficient to remove the majority of surfactant mass from the test cell area. An additional 2
days of pumping from the recovery wells will further reduce surfactant concentrations in the test

cell (refer to Figure D5).

Subsequent to flushing activities, the MODFLOW/ MT3D simulation was run for 1 year to
evaluate migration potential of remaining surfactant. The remaining surfactant migrated
approximately 20 feet in the upper zone toward the south (the assumed direction of flow). The
remaining surfactant plumes are very limited in size with maximum concentrations less than a

few hundred parts per million.
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4.2.2 Well Installation and Design

The location of the proposed wells with respect to the field site is identified in Figures 4.3 and 4.4.
All utilities will be confirmed prior to installation of any wells and a dig permit will be obtained
from the CSO. Prior to any soil boring activity, the exact boring location will be marked on
concrete with paint. The location will be approved by TtEMI, and the proper digging permits
and utility clearance will be acquired.

Borings will be advanced using a hollow stem auger rig equipped with a split barrel continuous
coring device. Core samples will be collected on 5-foot intervals and sent to the University of
Oklahoma (OU) for bench-scale analysis. Samples will be collected from the cores for volatile
analyses (below the 5-foot depth) and preserved in methanol. Information on sample location
and frequency is included in Table C1 in Appendix C. In addition, cores will be examined for
lithology and described using the Unified Soil Classification system (ASTM D2488). The
resulting soil types will be logged on a boring record log. Drill cuttings will be stored in drums at
the site until they can be sampled and properly disposed of. Soil and groundwater samples will also
be collected for the purpose of bench-scale analysis.

The soil borings will be completed as 4 inch wells (refer to Figure 4.4). The wells will consist of
0.02-inch slotted stainless steel screens, with polyvinyl chloride (PVC) casing to the surface. The
screen will be fitted with a stainless steel end cap or sump. The screen will extend from the base
of the aquifer across the water table. The entire saturated thickness will be screened. The entire
annulus surrounding the screen will be filled with a clean #3 silica sand filter. The sand filter
pack will extend from the base of the well to a depth of approximately 1.5 feet above the screen.
A 1.5-foot-thick sodium bentonite chip seal will be placed above the filter pack. The remaining 2
feet will be filled with concrete and completed with a flush-mount water-tight protector. A
water-tight sealing cap will be placed on the well. Monitor well completion diagrams will be

generated for each well.

4.2.3 Well Development and Sampling

The wells will then be developed, purged, and sampled. The wells will be developed using a 2-
inch Grundfos pump. The wells will be surged prior to pumping to loosen fine-grained particles
from the filter pack and screen. Development pumping will continue until the water is free of

sediment and the pH, conductivity, and temperature have stabilized.

The wells will be allowed to set for 24 hours prior to purging and sampling. The wells will be
purged of three casing volumes using a Grundfos® pump or bailer. Purged water will be stored
in storage tanks until Surbec can arrange for disposal at the EBMUD or equivalent wastewater
treatment facility. Samples will be collected with a bailer and gently poured into the appropriate
bottles to avoid aeration. One sample per well will be analyzed for VOCs using EPA method
8260B to determine baseline groundwater concentrations. Water samples will be stored on ice
and sent to a Naval approved laboratory for analysis. Additional information with respect to
sampling location, methodology, and analytes is included in the sampling plan (refer to
Appendix C). Wells will be surveyed by a registered surveyor and gauged to create a
potentiometric surface map within the test area (contours of groundwater surface).
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424 Aquifer Testing

A 24-hour pump test will be conducted on IW-1 (refer to Figure 4.4). A submersible pump will
be installed in IW-1 well and fluids stored in a 20,000-gallon tank. Pressure transducers will be
placed in the recovery well and in RW-1, IW-4 and RW-4. Drawdown results of the 24-hour test
will be downloaded and analyzed to determine hydraulic conductivity, storage coefficient, and
transmissivity. Based on the site data included in the request for proposal and preliminary
modeling results, it appears the maximum pumping rate will be 2 gpm. Assuming this flow rate,
an estimated volume of 3000 gallons will be produced during the pump test.

4.2.5 DNAPL Mobility and Migration
Increased vertical mobility of DNAPL can be induced through two primary mechanisms:

. Mobilization of free phase NAPL through the reduction of interfacial tension
. Density gradient in dissolved solution due to increased solubilization of dense

contaminants (i.e. TCE)

The vertical migration of mobilized NAPL can be mitigated through the existence of a lower
confining geological zone, applying a gradient surfactant flood or utilizing neutral buoyancy.
There is a lower confining clay layer at the site (Bay Mud) which will provide resistance to
vertical migration. However, fractures may be present in this zone and other methodologies may
be required to ensure vertical migration will not occur. The gradient surfactant flood system is
initiated with a low surfactant solubilization potential and slowly increased by increasing salinity
and/or co-surfactant. This results in contaminant solubilization before mobilization can occur.
This will be demonstrated in column studies completed evaluating DNAPL removal on soils
obtained from the site. To ensure that NAPL will not be mobilized, we will implement a
gradient flushing system that will not reach middle phase mobilization or the ultra-low interfacial

tensions.

Density gradients in the dissolved solution can be mitigated through hydraulic control and
neutral buoyancy. The formula governing the flow velocity in the vertical direction is:

V:=-Kz (pw - ps)

Thus the driving force for vertical flow is the density gradient (pw - ps) and is resisted by the
vertical component of the hydraulic conductivity (Kz). The density of a solution with a TCE
concentration of 100,000 mg/l is 1.04 with respect to water (if no alcohol is in solution). This
can be converted to a hydraulic head gradient of 4 feet / 100 feet. The resistance through Kz is
usually much greater than the horizontal resistance Kh. To ensure hydraulic capture, it must be
shown that the flow vector of the solution will reach the recovery well. The modeling results for
this site showed the horizontal flow gradient to be up to 6 feet (difference between groundwater
elevation between injection and recovery wells) resulting in a horizontal flow gradient of 0.6.
Based on an assumed vertical hydraulic to horizontal hydraulic conductivity assumption of 1:5,
the solution will migrate downwards less than 0.4 foot for every 10 feet migrated (distance
between recovery and injection wells) of horizontal migration.
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Vertical migration can further be prevented through neutral buoyancy. In this case the alcohol in
solution offset the increased density gradient of the solubilized DNAPL.

4.3 Process Equipment Design and Installation

Even when surfactant recycling is incorporated into the technology, surfactants can account for
over 40 percent of total project costs. To make this technology economically competitive,
surfactant recycling and reuse is essential. In past field demonstration projects, Surbec and its
team members have designed and operated pilot-and full-scale process equipment to regenerate

the surfactant stream.

The following section describes the design process and assumptions used for pre-design analysis
of the aboveground treatment process. Field studies have verified this approach for the C16
DPDS surfactant. With the exception of Aerosol MA 80 (AMA), all the listed surfactants should
behave similarly in the process equipment (AMA system is not recoverable in the ultrafiltration

system).

Most surfactants are designed to degrade in municipal wastewater treatment systems. As a
result, residual surfactant streams could be sent to municipal or industrial wastewater treatment
systems. Discharge through a NPDES permit is possible, but surfactants can be toxic to
amphibious aquatic life. To ensure no adverse effect to these life forms, the surfactant
concentrations in the effluent would require reduction. If required, an aerobic bioreactor could
be designed for surfactant degradation to allow for discharge through an NPDES permit.

A key point of the design is the effluent standards that must be achieved. Because discharge to a
publicly owned treatment works (POTW) is desirable, EBMUD has been contacted and
preliminary standards with regard to BTEX and chlorinated solvents obtained (refer to Table

4.3).

4.3.1 Summary of Design

The proposed design is documented in Figure 4.4. Key design parameters for all of the process
equipment to be used in this project include flow rates, temperature, influent concentrations, and
required effluent standards. A summary of the assumed design criteria is found in Table 4.3. The
flow rate estimates were derived using the flow rates determined from the preliminary modeling
efforts and incorporation of a factor of safety. Discharge criteria for BTEX and chlorinated

solvents was obtained from EBMUD.

The design is purposely versatile and modular in form so that it will be functional regardless of
the surfactant system selected for implementation. The system may require minor modifications,
but the overall system will not significantly change. For example, the tray stripper may not be
required depending on the surfactant system selected for the project.

As appropriate, operational functions of the treatment system will be automated. Sample valves
will be operated manually. The process equipment will be trailer-or skid-mounted and modular
in nature. The skids and trailers will be connected to the process piping via a 2 inch high pressure
nylon hose with quick-connect fittings. The trailer-mounted equipment has been designed so
that the flow is diverted through adjusting valves. For example, if it is determined that an air-
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stripper is required, the flow can be diverted from the macro porous polymer (MPP) system and
fed directly into the prefiltering system by the adjustment of two valves. All piping on the
trailers will be galvanized steel.

As indicated in Figure 4.4 the injection/recovery system consists of four recovery wells, two
surfactant injection wells, and two hydraulic control wells. In each recovery well a .5 horsepower
(hp) submersible pump is installed to recover fluids. If extremely low flow conditions are
encountered (yield of less than 0.5 gpm), a vacuum-enhanced recovery system will be installed
in place of submersible pumps. Each recovery well is individually piped to a recovery system
manifold using 1-inch carbon steel pipe. Each line is individually controlled with an electric
solenoid valve and monitored with an electronic flow meter so the flow to each well - is
adjustable. The recovery well manifold is connected to an oil-water separator where any free
phase DNAPLs will be recovered and stored in 55-gallon drums. Any additives to aid in the
recovery of free phase DNAPL will be injected into the oil-water separator.

Using a 2 hp centrifugal pump, the groundwater effluent from the oil-water separator will be
piped to the MPP system. The effluent from the MPP system will be pumped through the pre-
filtration units and the MEUF unit. The permeate from the MEUF will be pumped directly into
the storage tanks. The retentate will flow into the surfactant-recycling tank for reinjection.
Makeup surfactant will be pumped into the surfactant recovery tank using a 1/3 hp bladder

metering pump.

The recovered surfactant will then be pumped into the surfactant reinjection manifold (connected
to IW-1 and 2). As with the recovery wells, each injection well will be individually piped to
allow for greater control of injected fluids. All valves and flow meters will be located at the

reinjection manifold. All injection piping will be polyethylene.

The injection into the hydraulic control wells will be directly from the fresh water feed. Each
row of control wells has only one 1-inch polyethylene supply line.

4.3.2 MPP Design
The primary contaminant separations process is the MPP system developed by Akzo Nobel. The

MPP system utilizes a Macro Porous Polymer to remove VOCs and semi-volatile organic carbon
(SVOCs) from the recovered groundwater. The apparatus consists of two 1-meter columns
connected in parallel. While one column is being operated, the other is being regenerated using
steam. The MPP system has greater VOC removal efficiency using a much smaller apparatus
than air-stripping. The column has minimal air emissions and produces free-phase organic
product when regenerated. This technology has been selected because it is designed to have
minimal air emissions and additional offgas treatment should not be required. Additional design
information for this system is included in Appendix E.

Air-stripping was also considered for VOC removal from the groundwater. A preliminary design
analysis has been conducted using the Hasegawa/Lipe model and it appears that two 8-meter by
1.5-meter air-stripping towers will be required to reduce the total solvent concentration to 0.5
mg/L. However, because offgas treatment would be required, this option was eliminated from

consideration.
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4.3.3 Surfactant Recovery (Micellar Ultrafiltration)

The second aspect of the treatment process is concentrating the surfactant stream for reinjection.
Over pumping for hydraulic control results in surfactant dilution in the borehole, resulting in the
need for this concentration step. With the exception of the AMA surfactant, the MEUF should
be effective for re-concentrating all of the surfactant systems being considered. Past experience
and design estimates indicate that it is capable of 80-95% recovery of the surfactant from the
treated stream. The actual recovery potential is dependent on the surfactant system used.

The MEUF system to be used will be a spiral-wound cross flow. The pump is a 2 hp centrifugal
capable of attaining 10 gpm at a pressure of 60 pounds per square inch (psi). Sampling ports will
be manually operated. The design of the MEUF system is not dependent on the surfactant
selected and will not change. However, the filter selected for use in the MEUF is surfactant
dependent. The filters to be used will range between 2,000 molecular weight (MW) cutoff and
10,000 MW cutoff. Filter size will be evaluated during the bench screening activities and will be
a function of the final surfactant system selected for the demonstration.

4.3.4 System Mobilization and Installation

All process equipment will be manufactured off site and shipped to the site for installation.
Temporary hose and steel piping will be used to connect the treatment system with the recovery
wells and other infrastructure. Required infrastructure will be three-phase 480-volt electrical
power and clean water supply capable of 20 gpm. Surbec currently owns trailer-mounted
process equipment including an air-stripper and MEUF. All key process equipment will include
automated operational controls for primary flow operations, or the system will be monitored

constantly during flushing operations.

4.4 Surfactant Screening and Selection
Surbec personnel and researchers from the Institute for Applied Surfactant Research (IASR) at

OU have developed a formal protocol for laboratory tests to develop design information for
surfactant-based remediation systems. The protocol is structured to progressively reduce the
number of candidate surfactant systems without overlooking viable systems. The initial tests
assess surfactant performance and losses in batch systems; only the most promising surfactants
from these tests are used in subsequent column studies and bio-screening tests.

The project team will review existing site data and, in accordance with past experience, will
determine a list of potential surfactants/co-solvents for evaluation. Potential surfactant/co-solvent
systems are identified in Table 4.2. The actual surfactant will not be selected until the laboratory
screening process has been completed. Candidate solutions will be screened for the following

properties:

« Toxicity and food-grade additive status

« Biodegradability

« Potential enhancement of DNAPL removal

« Removal mechanism and adverse migration potential

« Potential for economic reuse and recovery of the surfactant/co-solvent
« Sorption of the surfactant/co-solvent onto the soil matrix
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«Resiliency of the surfactant/co-solvent (that is, how the surfactant resists subsurface
chemical reactions) ‘
« Overall costs

The following paragraphs briefly discuss the laboratory surfactant screening tests. These tests
will yield pertinent information about the surfactant/co-solvent systems being screened. Each
test has been carefully selected to give information about the surfactant that will relate to its
potential effectiveness for remediation. Additional details for each test and the analytical
procedures are included in Appendix A. The tasks are listed in sequential order:

Contaminant Selubilization (includes mobilization systems) The objective of this tests is-to
quantify the solubilization (mobilization) potential of a range of surfactants and co-solvents. The
ability to remove the target contaminant will most strongly influence the effectiveness of these

systems.

Surfactant-Contaminant Phase Properties The objective of this test is to evaluate the phase
behavior of the surfactant (or co-solvent) NAPL system in an effort to avoid significant
reductions in the interfacial tension or unfavorable viscosities or densities that might result in
unfavorable flow characteristics. Formation of middle-phase microemulsions is specific to the
contaminant composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.). These phase behavior studies will identify robust surfactant/co-solvent systems
capable of achieving high solubilizations for the existing groundwater conditions.

CMC Measurements The critical micelle concentration (CMC) is the concentration at which
the surfactant monomers aggregate into micelles. The CMC affects several properties of the
surfactant solution that could impact the effectiveness of the process including sorption,

solubilization, and foaming.

Surfactant Sorption The objective of this test is to quantify the losses of the surfactants and co-
solvents due to sorption onto the site-specific soil. Losses of surfactants and co-solvents will
adversely affect the technical performance and economic viability of the remediation process.

Surfactant Precipitation The objective of surfactant precipitation is to quantify the
precipitation boundaries of the surfactants, whether the phase boundary is crossed due to ionic
composition (ionic surfactants) or groundwater temperature (nonionic surfactants).

Column Tests These tests are used to simulate one-dimensional flow through the aquifer.
Valuable information that can be obtained from the column studies includes: solubilization
enhancement under flowthrough conditions, potential headloss increases in the media, and
unanticipated reactions. Column tests will also be conducted to calibrate the Partitioning

Interwell Tracer Test (PITT).

Separations Testing: The purpose of these tests is to confirm the effectiveness of the treatment
process on the site-specific surfactant and NAPL. MEUF testing will be conducted to optimize
the configuration of the field unit. These tests will be conducted in a bench-scale cross flow

membrane apparatus.
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Modeling Analysis: As part of the bench-scale analysis, additional groundwater modeling will
be conducted. All available site-specific information will be input into Visual MODFLOW
model and the model will be calibrated against pump test results. The purpose of this analysis is
to confirm the results of the preliminary model analysis. In addition, UTCHEM analysis will be
conducted to predict potential VOC recovery concentration and time required to meet
premeditation goals. These models will be further refined subsequent to the completion of

Partitioning Interwell Tracer Testing.

Technical Memorandum: A technical memorandum will be prepared which summarizes the
results of the initial soil and groundwater analysis, complete design drawing of process
equipment, and results of bench-scale analysis. Also identified in the report will be the
surfactant system best suited for application at the site (refer to Section 4.10)

4.5 Partitioning Interwell Tracer Testing

Tracer Testing
A combined partitioning/conservative tracer test (PTT) will be conducted prior to the SESR

demonstration. The purpose of the conservative tracer test will be to demonstrate hydraulic capture
of the injection/recovery system. The partitioning tracer test will be used to evaluate NAPL
distribution in the test area, quantify pre-test NAPL concentrations in the flushed zone and target

delivery of surfactant during remediation.

Based on the assumption that one pore volume can be flushed through the treatment area in 1 to
1.5 days (based on preliminary modeling), it is expected that the PTT will last 7 days. This
duration is based on approximately seven pore volumes of fluid for complete tracer
breakthrough.  For additional background information regarding partitioning tracer test
implementation details, refer to Attachment A.

Three to four tracers will be used; these tracers may include bromide, 1-propanol, 2-propanol
methanol, hexanol, 1-heptanol, and 2, 4-dimethyl-3-pentanol. Selection of tracers will be
finalized during lab-scale testing (included with the surfactant screening processes) and will be
based on their partitioning coefficients into the NAPL. Bench-scale column tests will be used to
calibrate the performances of the tracers. The column tests will be conducted using soil from the
selected site with varying NAPL concentrations. The chromatographic separation observed
between the tracers will be used to calibrate the field PTT flush. These results will be used to
design and evaluate the field PTT. If prior to performing the PTT test, it is determined that one
or more of the tracers needs to be substituted, Base officials will be contacted and materials
safety data sheet (MSDS) information provided. Tracer concentrations in the injected solutions
will range from 100 to 2000 parts per million (ppm). Tracers will be recovered in the test area,
as well as by existing groundwater capture wells, to ensure the tracer is recovered from the

aquifer.

Submersible pumps or, if required, a vacuum-enhanced recovery system will be installed in the
recovery wells. They will be operated at the rates determined in the modeling efforts (estimated
at 2 to 3 gpm per well). Fresh water injection (2 gpm per injection well) and extraction will
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begin 12 hours prior to injection of the tracer to establish capture zones. An appropriate amount
(for example, 1000 gallons) of tracer solution will be mixed and evenly distributed to the
injection wells. The tracer will be gravity-fed into the wells at a rate of 2 gpm per injection well.

As a general rule, 30 samples should be collected from each recovery well and monitoring well
and analyzed for tracers. Details on sample collection frequency and location are detailed in
Appendix C. Recovered groundwater will be pumped through the MPP system to remove
contaminants then sent to 20,000-gallon tanks for storage. Four 20,000-gallon tanks will be
provided for fluid storage. Expected residual generation quantities are documented in Table 4.4

(12 gpm for 6 days).

Prior to system operation, additional modeling efforts will be conducted to optimize the injection
recovery-pumping schedule. The information obtained during the pump and tracer testing will
be input into Visual MODFLOW and UTCHEM (or comparable) for model refining. The
additional analyses will be used to optimize the pumping schedule and help optimize surfactant-

flushing efforts.

Push-Pull Testing: In order to confirm the effectiveness of the surfactant solution selected in
the laboratory, a push-pull test will be conducted at the test site. One well will be selected for
surfactant/co-solvent push-pull test. The well will be injected with up to 55 gallons of surfactant
(concentrations of surfactant will be less than 8 wt. %). Groundwater sampling results obtained
subsequent to the well installation (not to exceed 2 weeks) will be used to establish baseline
VOC concentrations prior to surfactant injection. During the push-pull test, the groundwater will
be analyzed for VOC concentration. Since surfactants will enhance the ultimate solubility of the
VOCs in groundwater by over an order of magnitude, the existence of NAPL droplets will be
evidenced by an increase in the VOC concentrations over that of the baseline results. An
increase in VOC concentration in the groundwater over background by a factor of 1.5 or more
indicates enhanced solubilization and the existence of NAPL within the radius of influence. The
proposed surfactant to be utilized for the push—pull tests will be the surfactant of choice for the
demonstration as determined by the laboratory testing (refer to Appendix F for MSDS and other

chemical information).

The solution will be gravity-fed into the well at a rate of 1 gpm and allowed to equilibrate for at
Jeast 30 minutes. Then the injected surfactant will be recovered using a submersible pump. The
recovery rate will be at least 1.5 times the injection rate and is anticipated to produce
approximately 400 gallons of groundwater. The actual recovery rate and amount produced will
be modeled for the specific well to be tested. The test will be designed to recover all the injected
surfactant during the push-pull test or the remaining surfactant will be recovered during the
surfactant demonstration or in plume-specific recovery wells.  This information will be
submitted to the Navy for approval prior to the performance of the push-pull test. As a general
rule, the recovered volume should be at least five times the injected volume. Ten groundwater
samples will be obtained from the recovered groundwater during the test (two from the storage
tank and eight from the recovered stream). These samples will be sent to a Nave and California
certified laboratory for VOC and surfactant analysis. Two duplicate VOC samples will be sent
to a separate California approved laboratory for quality control (QC) analysis. One duplicate

April 1999 Section 4.0 Proposed Project Work Plan 4-12



surfactant sample will be collected for QC purposes. It is expected that the push-pull test will last
1 day. '

Recovered fluids will be stored on site in tanks provided by Surbec. The water will be discharged
during the demonstration with the recovered water from the surfactant flood.

4.6 System Operation
Prior to the operation of the system, a safety check will be completed to ensure that all aspects of

the process are working properly and safely. The treatment goal of 95 percent DNAPL removal
should be met within three to five pore volumes. The system operation has been prepared
assuming that the entire 20-by 20-foot plot will be remediated. Initial calculations indicate that
10,000 gallons is the volume of groundwater in one pore volume of the treatment cell (20 by 20
by 10 feet at 35 percent porosity). Operation will allow for 5 days of surfactant flooding
followed by 5 days of water flooding. Assuming that the surfactant will be injected at 6 wt. % in
water, 600 gallons of surfactant will be required for the first pore volume. Assuming 80%
recovery of surfactant, an additional 600 gallons will be required to supplement recovered
surfactant. Surfactant will be brought to the site in drums and mixed with water in a 20,000-
gallon storage tanks. The 20,000-gallon tank will be first filled with 10,000 gallons of water.
The surfactant will be injected in the top of the tank and a 2 hp centrifugal pump will recirculate
the water in the tank to mix the solution. Specific information with respect to the surfactant
composition and quantities will be included in the technical memorandum.

In order to establish cones of depression, the recovery wells will be pumped for at least 3 hours
prior to injection of surfactants. Sampling frequency will be spaced to obtain 20 to 30 data points
from each recovery well during the surfactant flood (refer to Appendix C for sampling details).
The groundwater will be sampled more frequently until steady state (relatively constant
surfactant/co-solvent concentrations in production wells) is achieved, and less frequently
thereafter. Other information such as flow rates (flow meter), pressures (pressure gauge) and
temperature (inline thermometer) will be recorded on the field log sheets four times daily until
steady state is reached and once a day thereafter. Flow meters will be equipped with totalizers to

track total flow volumes.

A key aspect of this technology is the separation of the contaminant from the recovered
surfactant stream and reuse of the surfactant. The recovered groundwater will be piped to the
oil-water separator where free-phase DNAPL (if produced) will be recovered. The recovered
groundwater will then be pumped through the MPP system where the contaminant will be
separated from the surfactant. Since the MPP process utilizes steam recovery of the VOCs, no

off gasses are expected.

The treated surfactant stream will then proceed to the MEUF unit to concentrate the surfactant
for potential recirculation through the treatment zone. The performance of the MEUF system is
largely dependent on the surfactant selected for the test. Surfactants with low CMCs can be
concentrated more effectively than surfactants with high CMCs. Surfactants will be screened in
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the laboratory for MEUF concentration efficiencies prior to the final design of the filtering
system. ‘

Until surfactant breakthrough occurs, effluent from the MPP system will be pumped directly into
the storage tanks. After approximately 1 day, surfactant breakthrough should occur and fluids
will be sent to the MEUF for surfactant recovery. Retentate will be piped to the surfactant
recovery tank and sampled to ensure that reinjection concentrations of the surfactant solution
meet project specifications. If required, makeup surfactant will be injected from barrels into the
surfactant recovery tank. Permeate from the MEUF will be piped directly to the storage tanks.
The foam produced in the tray stripper will be captured and piped to the surfactant recovery
tanks for reuse. The permeate will be stored in tanks until proper disposal can be arranged.

4.7 Post Test Performance Analysis

A post-demonstration partitioning tracer test will be conducted. The primary purposes of this
test will be to quantify the remaining NAPL concentrations and the distribution thereof in the
flushed zone. The procedures to be followed for the final test will be similar to the pre-
partitioning tracer test (refer to Section 4.5). Tracers for the post PTT may include bromide 1-

propanol, 1-heptanol and 2- ethyl -1- hexanol.

Surbec will also drill four soil borings within 4 feet of each recovery well prior to abandoning
these wells. These borings will be continuously cored, and samples corresponding to the pre-test
soil sampling intervals will be collected. The soil sample results will assist in evaluating the
effectiveness of the surfactant flushing technology.

4.8 Demobilization and Site Restoration
Subsequent to completion of all site activities, site demobilization will occur. All equipment

associated with the project will be dismantled. Also, containment areas will be dismantled and
the site will be restored to its original condition. All wells installed as part of the project, will be
properly removed and sealed as required, unless the base indicates the desire to use these wells in

the future.

4.9 Residual Management and Material Storage
This subsection describes the management of wastes generated during the demonstration.

Representative samples of each type of waste (that is, cuttings, wastewater, liquids) will be collected
and analyzed as appropriate for disposal. Surbec will ensure that all wastes are handled properly.
Wastes that will be generated include:

Soil
The volume of soil generated is estimated to be 7 cubic yards (12 wells at 12 inches in diameter
and 16 feet deep). Drill cuttings will be placed in drums and stored on site until disposal can be

arranged.

Wastewater
The expected residuals generated for the demonstration have been broken down into categories

and summarized in Table 4.4. Recovered fluids will be stored in 20,000-gallon tanks until
disposal can be arranged (refer to Section 4.1). Surfactants are designed to degrade in POTW
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facilities. As a result, it will be convenient to send the recovered fluids to such a facility. Since
surfactants can be toxic to amphibians, direct discharge into streams and rivers should be
avoided unless all surfactant can be removed through on site physical or biological treatment.

Offgas
Offgas treatment should not be required because the process equipment should not generate

emissions to the air.

Solid Waste ‘
Disposal activities will comply with base requirements. Refuse and trash will be placed into proper

disposal bins.

Free Phase NAPL x
Recovered free-phase NAPL will be stored in drums on site until proper disposal or recycling

arrangements can be made.

Process Chemical Storage
MSDS information for chemicals to be used on site as stated will be kept on site in the Work

Plan. Chemical storage will depend on the volume required for each chemical. The process
chemicals will include tracer solution and surfactant/co-solvent solution. Surfactants will be
stored in drums on site. Other chemicals used in the on-site laboratory will be stored in the

appropriate container within the mobile laboratory.

4.10 Reporting
Reporting requirements will include monthly reports, brief technical memorandum, weekly

update reports during the system operation, and a treatability study report. The monthly reports
will update project progress, schedule, and budgetary information. Proposed changes in project
procedures will also be identified. The monthly report will include:

« 1-to3-page summary of activities conducted during the month
« Brief summary of activities proposed for the next month

« An updated schedule

« Project cost summary update (Navy only)

TtEMI will forward a copy of the monthly report to the Navy.

The technical memorandum will summarize, in greater detail, the results of laboratory screening
and preliminary site activities. These results will be tabulated and graphed. Any deviation from
the original implementation plan will be identified and an alternate plan of action described.
The technical memorandum will be submitted as indicated in the schedule (refer to Section 5.0).

Weekly reports will be submitted during operation of the flushing activities. The reports will be
transmitted by letter, e-mail, or fax.
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A treatability study report will be prepared and submitted in three stages: 1) a preliminary draft
copy 2) a draft copy (which will include responses to comments on the draft copy) and 3) a

final copy.

The report will present the data collected and tabulated. This information will also be graphed
and plotted to illustrate system performance in key areas. These data will include: soil
concentrations before and after treatment, extraction flow rates, cumulative flow volumes,
temperature data, tracer test data, surfactant recovery, contaminant recovery, laboratory results
and process equipment performance evaluation, and mass of contaminant removed as evaluated
using the partitioning tracer information. Timeline plots will be created for mass of surfactant
recovered in the groundwater, mass of contaminant recovered in the groundwater, mass .of
contaminant removed in the air-stripper, and mass of surfactant recovered in the MEUF. An
analysis of these data for the effectiveness of the technology in remediating the test site will be
performed and reported to assess the technology performance claim as stated in Section 2.0.

The results of this test will be compared to the results observed at other sites (Tinker AFB). An
overall cost evaluation of the system will be conducted at the completion of the demonstration
and will be included in the report. The system will be compared, based on capital and operating
costs, with other conventional treatment technologies (such as pump and treat) used to treat a
similar area and contaminant profile. Capital and operational costs will be compared on a
present value basis with the conventional technology.

The report will also include the following key information:

. Effectiveness of the system in removing DNAPL at the test site

« Detailed diagram of the site, including monitoring well locations

« Groundwater monitoring and soil sampling plan, including a plan for collecting water
level measurements and samples

. Surfactant screening, which will include phase behavior analysis for the product samples
collected from the test area: and the following tests for soil samples collected from the
test area; permeability, cation exchange capacity, surfactant-soil interaction, and grain
size analysis

+ Hydraulic testing, including slug tests of the installed monitoring wells

. A numerical simulation, including a three-dimensional model to simulate test flow
conditions '

« A surfactant flood, which will also include a water flood prior to surfactant injection, and
a water flood following surfactant injection to displace mobilized product

« Problems encountered

« Deviations from project plans

« Process waste handling procedures and notes

« Health and safety procedures
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‘Table 4.1: Site Contamination Levels and Cleanup Criteria

Contaminant of Concern

Site 2A-A

Site 4B-C

Cleanup Criteria

Groundwater, ppb Groundwater, ppb ppb

1, 1, 1 -Trichloroethane 2100 100000 200(1)
1,1,-Dichloroethane 29000 . 24000 5(1)
1,1-Dichloroethene 14000 65000 NA
1,2-Dichloroethane 12 250 NA
cis-1,2-Dichloroethene 4600 250 6(1)
trans-1,1 Dichloroethene 150 8.7 10(1)
Benzene 6.4 ND NA
Carbon Tetrachloride 320 2500 NA
Chloroethane 3900 0.66 NA
Ethylbenzene 3.6 ND 700(1)
Tetrachloroethene 40 8.6 NA
Toluene 85 370 150(1)
Trichloroethene 1700 160 NA
Vinyl Chloride 2600 2900 NA
m,p-Xylene 29 ND 1750(1)
o-Xylene 55 ND 1750(1)
Total 585254 195448

1 - California Primary Drinking Water Maximum Contaminant Levels
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Table 4.2: Potential Surfactants and Surfactant System Constituents

SURFACTANT | MW % Costperlb | Trade Food
TYPE Active Name Additive
status
C16 - DPDS 642 |36 $1.09 Dowfax | Indirect
8390

Alkyl ethoxylated 442 |128.7 $0.61 Steol | Indirect
sulfate CS330
Ethoxylated (20) 1326 | 100 $2.31 Tween 80 | Direct
sorbitan mono
oleate

Sodium dihexyl 388 |80 $1.50 AMA Direct
sulfosuccinate
Alcohol ether 500- | 100 $1.50 Isalchem | Not tested
sulfates 800
Ethanol 46 100 $0.44 NA NA
Tartaric acid 75 100 Not Available | NA NA
Na/Ca 23/40 | NA $0.15/%0.07 | NA NA
Tsoproponal (IPA) | 60 | 100 | $0.42 NA NA
Potential Surfactant Systems
C16 DPDS + tartaric acid + Na/Ca Indirect
Isalchem + IPA+ Na/Ca Not tested
AMA +IPA + Na/Ca Direct
AMA (5%)+ Tween (5%) + Na/Ca Direct

% = Rouse, et al. influence of anionic surfactants on bioremediation of hydrocarbons

NA=Not Applicable

April 1999
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Table 4.3: Design Criteria for Process Equipment
Target Process Flow rate Influent Target Effluent | Temperature
Constituent (East Bay MUD)
Gpm Mg/l Mg/l Deg F
VOCs Air Stripper | 10-15 1000 BTEX = 0.005 50
Solvents = 0.5
MPP System | 10-15 1000 BTEX =0.005 50
Solvents = 0.5
Surfactant | MEUF 10-15 20,000 2000 (permeate) | 50
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Table 4.4: Groundwater Residuals

Phase Estimated Volume Estimated Concentration in MEUF Permeate
Duration Total TCE Surfactant | Salinity Co-solvent
Volume / Co-surf.
(Days) (gallons) Mg/l Wt % Wt % Wt %
Well development, sampling & | 4 8,000 GWconc. | 0 0 0
Pump test
Pre tracer test (6 PV) 6 100,000 MCL** NA NA NA
Surfactant flood (5 PV) 5 86,000 0.001%- | 0.01-0.2*%. | 0.1-2 1-2
1% of
influent
Post test flood (5 PV) 5 86,000 1% -5% 0.2-0.001 | 2-0.001 [2-0.001
of influent
Post- tracer test (6 PV) 6 100,000 MCL <0.001 <0.0001 <0.0001
Volume based on 12 gpm production for the estimated duration
* Assumes recycling of surfactant
** Assumes air stripping of solution
4.0 Proposed Project Work Plan 4-24
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ID |Task Name Duration Start Finish Nov | Dec [ Jan | Feb | Mar | Apr | May | Jun | Jul [ Aug

1 |Treatability Study Work Plan 61 days Thu 12/10/98 Thu 3/4/99 Ll s ;

2 Site visit 2 days Thu 12/10/98 Fri 12/11/98

3 Design modeling 5days  Mon 12/14/98 Fri 12/18/98

4 Work plan preparation 12days Mon 12/21/98 Tue 1/6/99

5 Submit preliminary draft 0 days Tue 1/5/99 Tue 1/5/99 115

6 Navy review 7 days Wed 1/6/99 Thu 1/14/99 B

7 Receive & incorporate comments 7 days Fri 1/15/99 Mon 1/25/99 E]l

8 Submit draft 0 days Mon 1/25/99 Mon 1/25/99 1125

9 BCT, BRAC, RAB review 21 days Tue 1/26/99 Tue 2/23/99

10 Receive & incorporate comments 7 days Wed 2/24/99 Thu 3/4/99 .

11 Submit final 0 days Thu 3/4/89 Thu 3/4/99 "L 344

12 | Well Installation 7 days Mon 4/26/99 Tue 5/4/99 1

13 Mobilization & site prep. 1 day Mon 4/26/99 Man 4/26/99 : I

14 Soil boring & sampling 3 days Mon 4/26/99 Wed 4/28/99 D

15 Well installation 3 days Mon 4/26/99 Wed 4/28/99 Hl

16 Well development and sampling 2 days Thu 4/29/99 Fri 4/30/99 ]_

17 Aquifer testing 2 days Mon 5/3/99 Tue 5/4/99

18 Process Equipment 42 days Wed 5/5/99 Thu 7/1/99 L

19 Design and construction of skid system 25 days Wed 5/5/99 Tue 6/8/99 : .

20 Mobilization 3 days Wed 6/9/99 Fri 6/11/99

21 Installation 14 days Mon 6/14/99 Thu 7/1/99

22 Surfactant Selection 45 days Mon 5/3/99 Fri 7/2/99

Task [ 7] RroledupTask [T T T] ProjectSummary (===,
Project: clied1228mpK Progress SN Rolled Up Milestone <> Split o
Date: Thu 4/1/99 Milestone @ Rolled Up Progress NS  Rolled Up Split o
Summary PN  cxtemal Tasks T A
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ID |Task Name Duration Start Finish Nov | Dec | Jan | Feb | Mar [ Apr | May | Jun [ Jul | Aug

23 Laboratory setup 5 days Mon 5/3/99 Fri 5/7/99 :

24 Sorption 10 days Mon 5/10/98 Fri 5/21/99

25 Phase behavior 10 days Mon 5/24/99 Fri 6/4/99

26 Column (includes PITT Cal.) 20 days Mon 6/7/99 Fri 7/2/98 —‘]

27 Degradation (optional) 40 days Mon 5/10/99 Fri 7/2/99 ]

28 Separations 20 days Mon 6/7/99 Fri 7/2/99 i ; :

29 Prepare technical memorandum 19 days Mon 6/7/99 Thu 7/1/99 jl

30 Submit technical memorandum 0 days Thu 7/1/99 Thu 7/1/99 ’~7!1

31 Pre-PITT and aquifer testing 17 days Wed 6/9/99 Thu 7/1/99

32 Mobilization 3 days Wed 6/9/99 Fri6/11/99

i3 Pre-PITT 9 days Mon 6/14/99 Thu 6/24/99

34 Optimization modeling 5 days Fri 6/25/95 Thu 7/1/89

35 Operation and Monitoring 19 days Fri 7/2/99 Wed 7/28/99 : i

36 Setup & prepare injection solution 7 days Fri 7/2/99 Mon 7/12/99

37 Begin surfactant injection 5 days Tue 7/13/89 Mon 7/19/99

38 Begin fresh water injection 5days  Tue7/20/89  Mon 7/26/99 Ij

39 End flood -cont. residual management 12 days Tue 7/13/99 Wed 7/28/39

40 | Post Partitioning Tracer Testing 8 days Thu 7/29/99 Mon 8/9/99

41 Post PTT 8 days Thu 7/29/99 Mon 8/9/99

42 Demobilization 5 days Tue 8/10/99 Mon 8/16/99 %

43 System tear down 2 days Tue 8/10/99  Wed 8/11/99

44 Site restoration 3 days Thu 8/12/99 Mon 8/16/99 Ha

Task [ ] RolledupTask [ ]| ProjectSummary {j—————
. Progress BN Rolled Up Milestone > Split o
Oate: Thu4/1/99 Milestone & Rolled Up Progress IMSSSSSSSSSSSSS  Rolled Up Spit
Summary ~ External Tasks
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ID  |Task Name Duration Start Finish Nov | Dec | Jan | Feb | Mar | Apr | May | Jun 19| Jul | Aug
45 | Treatability Study Report 28 days Thu 7/15/99 Mon 8/23/99 H
46 Prepare preliminary draft 10 days Thu 7/15/89 Wed 7/28/99
47 Submit preliminary draft 0 days Wed 7/28/99 Wed 7/28/99 ’l.”za
48 TTEMI review 3 days Thu 7/29/99 Mon 8/2/99 D_l
49 Receive & incorporate comments 4 days Tue 8/3/99 Fri 8/6/99
50 Submit draft 0 days Fri 8/6/99 Fri 8/6/99
51 Navy review 7 days Mon 8/9/99 Tue 8/17/99
52 Receive & incorporate comments 4 days Wed 8/18/99 Mon 8/23/99
53 Submit final 0 days Mon 8/23/99 Mon 8/23/99
Task [ | RolledUpTask | "] Project Summary (N
Project: sched1228mpx Progress I Rolled Up Milestone <> spt
Oate: Thu 4/1/09 Milestone 4 Rolled Up Progress ISSSSSSMSSSSS  Rolled Up Split o
Summary ~ External Tasks T
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This section presents the Quality Assurance Project Plan (QAPP) for the SESR and specifies the
J ‘ procedures the demonstration will follow to ensure the generation of analytical data of known
and accurate quality.

1.0 PROJECT OBJECTIVES

The primary goal of this project is to achieve a 95 percent removal of dense nonaqueous-phase
liquids (DNAPL) contaminants for the selected site remediation at Alameda Point. Surbec
Environmental (Surbec) has identified specific measurable objectives, listed below, have been
identified for this treatability study to achieve the treatability study objectives set by Tetra Tech
EM Inc. (TtEMI).

Objectives:

(1) To evaluate the use of surfactants/cosolvents for enhancing the removal of
nonaqueous phase liquid (NAPL) from the subsurface.
- Achieve at least 95 percent removal of NAPL from the flushed zone at the 95
percent confidence level.
- Evaluate actual mass removal using pre- and post-test partitioning tracers and
groundwater samples.

(2) To achieve good delivery and recovery of the surfactant solution within the plume
area (surfactant or surfactant/cosolvent).
L - Demonstrate that the delivery of the surfactant/cosolvent extraction fluid can
be controlled through a properly designed delivery system.
- Demonstrate at least 90 percent capture of the injected surfactant/cosolvent is
within the test area.
- Demonstrate that the remainder of the injected surfactant/cosolvent is
degraded before leaving the site.

(3) To design and evaluate a system for surfactant regeneration and re-injection.
- Design an macro porous polymer (MPP) system to meet the discharge criteria
from the surfactant/cosolvent effluent.
- Demonstrate that the use of micellar enhanced ultrafiltration (MEUF) can
achieve 90 percent recovery of the surfactant for reuse.

(4) To evaluate the economic viability of a surfactant/cosolvent system for contaminant

recovery.
- Identify and extrapolate the parameters that determine the cost of system
setup, operation and maintenance.
- Conduct a comparison to conventional treatment technologies.
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2.0 PROJECT ORGANIZATION AND KEY PERSONNEL

Surbec has compiled a team to complete this project that is unparalleled in past experience and
expertise in the field of SESR. Surbec’s team includes experts in the areas of subsurface flushing
and surfactant recovery and reuse — Dr. David Sabatini, Dr. Jeff Harwell, and Dr. Robert Knox.
Levine-Fricke-Recon (LFR) has been added as a valuable team member to provide on-site
experience, engineering expertise, and a local presence. LFR is currently conducting site
investigations at Alameda Point and is very familiar with the site and the California regulatory
environment. The project organizational structure is included in this section. QA/QC and health
and safety organizational structures have not been incorporated into this document. All
personnel have the appropriate OSHA health and safety training. Specific information will be
provided upon request. '

Listed below are key team members and their respective roles in this phase of the project.

TtEMI
Mukul Shara-TtEMI Project Manager

Edward Ho-TtEMI Task Manager

Rafael Lago-TtEMI Project Engineer

Navy
Dennis Wong-Navy Remedial Projects Manger (RPM)

George Kikugawa-Navy Remedial Projects Manager

Surbec
Mark Hasegawa will serve as the Project Manager. He will coordinate project activities and

ensure timeline requirements are met. Mr. Hasegawa has managed several SESR demonstrations
and projects.

Dr. Robert Knox will review, compile, and analyze site hydrogeologicalv data. He will also
supervise the injection/recovery well design for the project and will oversee MODFLOW

simulations.

Dr. Jeff Harwell will supervise the surfactant screening analysis. He will also work with Dr.
Pope to determine candidate surfactants for application at the site.

Dr. Joe Suflita is a leader in the area of anaerobic degradation processes. Dr. Suflita will design
surfactant and contaminant degradation screening tests. He will also aid Dr. Harwell to ensure
that surfactants selected for screening are likely candidates for degradation.

Dr. David Sabatini will supervise the design of aboveground process equipment. He will work
closely with Dr. Harwell to ensure that treatment processes are compatible with the surfactants

selected and the DNAPL contaminant.
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Dr. John Scamehorn will provide design and support for MEUF or foam fractionation
processes implemented at the site.

Jeffrey Brammer will assist Dr. Knox in reviewing, compiling and analyzing site
hydrogeological data. He will also aid in groundwater modeling and well design for the project.
Mr. Brammer will be the onsite Technical Manager for the project.

Levine Fricke Recon
Jeni Martin will coordinate all field work conducted by LFR personnel and will ensure the

required resources (i.e. field equipment) are available to Surbec personnel.

Randy Sillan will manage work conducted with LFR personnel, provide design services and
provide external review of reports.

A Surbec Quality Control/Quality Assurance organizational chart follows. This chart shows the
lines of authority and personnel associated with specific QA/QC responsibilities.

Marshall Brackin
Surbec
General Manager

Mark Hasegawa
Project
OC Manager

Glen Ulrich
Laboratory
OC Manager

Jeff Brammer Ben Shiau
Field Data Reduction
OC Manager OC Manager

Karla Hansen
Project
OC Assistant

3.0 MEASUREMENTS

Soil and groundwater samples will be collected prior to implementation of the demonstration,
during the demonstration activities, and at the conclusion of the demonstration in order to assess
the effectiveness of the technology. Approximately 700 samples will be obtained during the
course of the project for the purpose of performance evaluation. A detailed list of sample
analyses is located on tables C-1a through C-1f. The 700 samples are required to evaluate the
Treatability Study tests. All QA procedures described in the following sections will apply to both
onsite and offsite laboratories. Refer to Table A.1 for a list of possible analytes.
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4.0 QUALITY ASSURANCE OBJECTIVES

The primary quality assurance objective (QAQO) for this demonstration is to produce well-
documented data of known quality. To this end, individual measurements must be assessed to
ascertain that they meet quality assurance (QA) objectives that fulfill the data quality objectives.
These objectives include quantitative QAOs for precision, accuracy, method detection limits,
completeness, and mass balances, and qualitative QA objectives for comparability and
representativeness. The QAOs stated here are consistent with those of the basewide remedial
investigation and feasibility study (RI/FS). Table A.2 summarizes quality control (QC) field and
laboratory requirements and corrective actions.

4.1 Project Data Quality Objectives Os

The following data quality objectives have been identified:

« Collect data to accurately determine the removal efficiencies (mass reduction) and rates
for targeted organics (that is, chlorinated hydrocarbons).

« To collect data to evaluate the success of surfactant and cosolvent capture.

« To collect data to assess the extent to which the application of SESR is site-specific (that
is, parameters governing SESR success).

o To collect data for preparing a cost estimate analysis for full-scale implementation of
SESR at Alameda Point.

4.2 Data Quality Assurance Objectives
The following QAOs have been identified:

.« Based on best-available technology and site-specific conditions, utilize sample
collection and preservation methods that will yield results that are truly representative
of the subsurface conditions at the site.

« Conduct replicate analyses (5% of samples) of single samples to assess the variability
(or heterogeneity) within a given sample.

« Conduct standard replicate analyses (5% of samples) to determine the variability
inherent in an analytical technique.

« Collect and analyze field blanks (10% of samples), trip blanks (1 set per ice chest of
samples), and spikes (1 per week) to evaluate the potential compromises to sample
integrity due to sampling techniques, holding techniques, and general ambient
conditions that could potentially introduce false results. Sample spikes will be
unscheduled and unidentified to the laboratory. The Project QA Manager will be
responsible for submitted spiked samples to the laboratories. ’

« The individual analytical laboratory QA officers will be responsible for assuring that
matrix spikes (1 per day) are added to samples to evaluate the accuracy of laboratory
analytical methods.
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Accuracy: Accuracy is the degree of agreement of a measurement with an accepted reference
value, and indicates the degree of bias in a measurement system. Accuracy is assessed using
laboratory control samples, matrix spikes, surrogate spikes and performance evaluation sample
recoveries. Because sample measurement results from the use of laboratory equipment, the
percent recovery of any of these sets of duplicate samples measures the accuracy of the
laboratory equipment, calculated according to the following equation:

Equation 1.1 %R = (C-C,)/C; X 100
Where: %R = percent recovery
Ci  =measured concentration; spiked sample aliquot

C, =measured concentration; unspiked sample aliquot

C: =actual concentration of spike added

Precision: Precision is the reproducibility of duplicate measurements under a given set of
conditions for a single sample. Precision is expressed as the variability of a group of
measurements for a given sample compared to the average value. Variability may be attributable
to field practices or chemical analyses. Precision is expressed as the relative percentage
difference (RPD), using the following equation:

Equation 1.2 RPD = (C;-Co)/[(C + C3)/2] X 100
Where: RPD =relative percent difference
C; =the larger of two observed values

C, =the smaller of two observed values

Completeness: Completeness refers to the number of analytically valid data points (accepted
and reported values) collected from a measurement process compared to the total number of
samples subjected to measurement. Percent completeness is calculated using the following

equation:

Equation 1.3 % Completeness = (TDP-RDP)/TDP x 100

Where: RDP =number of rejected and unreported results
TDP = number of total samples collected

The project completeness goal for completeness is greater than 90% for all samples, and 100% f
confirmation samples.

Representativeness: Representativeness is a qualitative expression of the degree to which
sample data accurately and precisely represent a characteristic of a population, a sampling point,
or an environmental condition. Representativeness is maximized by ensuring that, for a given
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project, the number, location of sampling points, the sample collection and analysis techniques
are appropriate for the specific investigation, and that the sampling and analysis program will
provide information that reflects “true” site conditions. Results for blind duplicate sample
analysis are also used to evaluate representativeness.

Mass Balance and Mass Recovery: The surfactant recovery will be determined on a mass
balance basis. The initial mass of surfactant or cosolvent injected will be determined by using
the surfactant/cosolvent concentration injected multiplied by the volume of the
surfactant/cosolvent solution injected. End surfactant/cosolvent masses will be calculated by
summing volumes of effluent extracted multiplied by the corresponding surfactant/cosolvent
concentrations. The difference in the injected and recovered mass will be compared to that
predicted to be sorbed to the soil surface based on bench scale studies. Biodegradation is
assumed to be negligible within the test cell due to the short residence time of the
surfactant/cosolvent. The percent of mass recovered is therefore calculated using equation 1.4:

Equation 1.4 % Mass Recovered = 100% - [(IM - FM - Sorbed Mass)/IM] X 100

Sorbed Mass = (So0il mass, cent * Ka)

Where: IM = Initial Mass = (Volume of Injected
surfactant/cosolvent solution x Concentration of the
surfactant)

FM = Final Mass = (Z(Volume of Recovered
Surfactant/cosolvent Solution x Concentration of the
Surfactant/cosolvent))

S0il mass, ce (€) = Vol Soil (cm?)
K4 = Grams Surfactant/Cosolvent per grams soil

Method-Detection Limits: The method detection limit (MDL) is the minimum analyte
concentration that can be measured and reported with a 99 percent confidence that the
concentration is greater than zero. The quantitation limit (QLs) represents the concentration of
an analyte that can be routinely measured in the sample matrix with “reasonable” confidence in
both identification and quantitation. QLs are verifiable by ensuring that the lowest non-zero
calibration standard concentration is at or near the QL by using appropriate data analysis to
ensure that the minimum detection concentration meets the 99 percent confidence levels as stated
above. Samples detected below the QL will be appropriately flagged but will not negatively
impact completeness. MDLs may be higher due to dilution requirements for analysis. MDLs
will be evaluated in accordance with Appendix B Part 136 of the 40 Code of Federal Regulations
(CFR) 136, 1984 (“Definition and procedures for the Determination of Method Detection Limit —
Revision 1.17”). Method QLs will be determined for all onsite (field and laboratory) and offsite
laboratory tests.

The soil MDLs will be higher than the groundwater MDLs due to the required field Method 5035
for sample preservation. The soil MDLs will be in the 100s ppb range and the groundwater will

be in the 1s to 10s ppb range.
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Comparability

Comparability is a qualitative parameter that expresses the confidence that one data set may be
compared to another. Comparability of data is achieved through the use of standardized methods
for sample collection and analysis, and the use of standardized units of measure. Data sets will
be compared to assess the Study effectiveness (i.e. Pre-Partitioning tracer and Post-Partitioning
tracer tests). Comparability will be necessary for Surbec data collected for the Study and not for
existing investigation data.

5.0 ANALYTICAL PROCEDURES AND CALIBRATION

This section describes the laboratory procedures used for both physical and chemical methods. It
discusses sample preparation and analytical procedures. This section does not include the field
methods, as they are detailed in Appendix C.

A summary of analytical procedures are listed in Table A.3. There are no American Society for
Testing and Materials (ASTM) or U.S. Environmental Protection Agency (EPA) standard
methods for analysis of surfactants or contaminants in surfactant solutions; however, some of the
methods are modifications of standard methods. When this is the case, the standard method is
referenced. The modification of the methods for contaminant analysis when in the presence of
surfactants is necessary because solubilization of a contaminant in micellar solution reduces its
activity in water. Researchers at government facilities and several universities have developed
effective methodologies for analysis of contaminants in surfactant solutions. Modified procedure
developed at the University of Oklahoma for volatile contaminant analyses when surfactants are
present in solution are given in Section 5.2.1. These methods will be utilized in the laboratory
and the field, unless otherwise specified.

All methods for analysis are given here, however, once specific site(s), surfactants and
cosolvents are selected, an addendum will be prepared, submitted for review and concurrence in
letter report and attached to the approved work implementation plan (WIP).

1.5.1 Calibration Procedures

This section discusses general requirements for field equipment and laboratory instrument
calibration and standards preparation. All requirements for calibration procedures and frequency
for specific parameters are summarized in Table A.2. Instrument calibration is necessary for
accurate sample quantitation, and establishes the dynamic range of an instrument. Criteria for
calibration are specific to each method and instrument manufacturer. The following paragraphs
outline the calibration procedures for the field equipment and laboratory instrumentation.

Data accuracy is dependent upon the accuracy of the standards used for instrument calibration.
To ensure the highest quality standard, primary reference standards are obtained, if available,
from the National Institute of Standards and Technology (NIST), EPA vendors, or other reliable
commercial sources. When standards are received at the laboratory, the date received, supplier,
lot number, purity, concentration, and expiration date are recorded in a standards log book.
Vendor certification for the standards will be retained in the files.
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Standards will be obtained either in their pure form or in stock or working standard solutions.
Dilutions will be made from vendor standards. All standards will be given a standard
identification number and the following information will be recorded in the standards logbook:
source of the standard, the initial concentration of the standard, the final concentration of the
standard, the volume of the standard that was diluted, the volume of the final solution, the
solvent source and lot number used for standard preparation, and the preparer’s initials. All
standards will be validated prior to use.

Validation procedures for standards include a check for chromatographic purity and verification
of the standard’s concentration by comparing its response to a standard of the same analyte
prepared at a different time or obtained from a different source. Reagents also are analyzed for
purity; for example, every lot of dichloromethane (used for organic extraction) is prioritized to
use in the laboratory. Standards are checked routinely for signs of compromise including
deterioration (e.g. discoloration, formation of precipitates, and changes in concentration) or
contamination and are discarded if deterioration is suspected or the expiration date has passed.
Expiration dates are based on vendor recommendation, the analytical method, or internal
research. Stock solutions for volatile organic compounds (VOC) are not to be held for more than
30 days. Fresh working calibration standards shall be prepared every week. Stock solutions for
semi-volatile organic compounds shall not be held for more than 90 days. Dilutions below 1 part
per million (ppm) shall not be held more than 30 days.

5.1.1 Laboratory Calibration

Analytical instruments will be calibrated using standards, discussed above, in accordance with
the specified analytical methods and manufacturer’s procedures. At a minimum, written
calibration procedures include the equipment to be calibrated, the reference standards used for
calibration, the calibration techniques, actions, acceptable performance tolerances, frequency of
calibration, and calibration documentation format. Records of standard preparation and
instrument calibration will be maintained. Instrument calibration will include daily checks using
standards prepared independently of the calibration standards, and instrument response will be
evaluated against established criteria. Calibration standards will cover a range of concentrations
well above the detection limits and above the highest expected field sample concentration. The
analysis logbook, maintained for each analytical instrument, will include, at a minimum, the date
and time of calibration, the initials of the person performing the calibration, the calibrator
reference number and concentration. Calibration procedures for specific instruments used for
organic analyses are discussed in the following paragraphs.

Gas Chromatography/Mass Spectrometry (GC/MS). When GC/MS analysis of groundwater
is required, the following procedure listed below will be followed.

Every 12 hours the instrument will be tuned with bromofluorobenzene (BFB) (according to the
tuning criteria specified in the EPA Contract Laboratory Program Analytical Services [CLPAS]).
After the instrument has met tuning criteria, it will then be calibrated for all target compounds.

Calibration standards at a minimum of five concentrations will be prepared by secondary dilution
of stock standards. The compounds to be included in the calibration standards will be a function

of the site specific NAPL composition (refer to Table A.1 for a list of potential analytes). Asa
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result, the calibration standards list cannot be identified until a site is selected and the NAPL
constituents identified. This information will be included in the first letter report.

Each calibration solution, including internal standards and surrogates, will be introduced
according to EPA Method 8260B for volatile compounds. A relative response factor (RF) will
be calculated for each compound relative to the internal standard whose retention time is closest
to the compound being measured. The RF is calculated as follows:

Equation 1.5 RF = (AxCis)/(AisCyx)
Where: RF = Area of characteristic ion for the compound being
measured '
Ajs = Area of characteristic ion for the specific internal
standard
Ax = Area of characteristic ion for the compound being
measured

Cis = Concentration of the specific internal standard
Cx = Concentration of the compound being measured

The average relative response factor (RF;) will be calculated for each compound using the values
from the five-point calibration. A system performance check must be made before the

calibration is accepted as valid.

The percent relative standard deviation (% RSD) for standards will be calculated from the RFs in
the initial calibration and must meet specified criteria. The formula used to calculate %RSD is:

Equation 1.6 %RSD = EX 100
c
Where: RSD =Relative standard deviation

c = Mean of five initial RFs for a compound

SD = Standard deviation of the RFs for a compound
n [ in] :
Z xg [ = A—
. ! n

SD =5 = |
s n-1

For every 12-hour shift, the GC/MS must be tuned by purging or injecting 4-BFB. Also, the
initial calibration of the GC/MS will be checked by analyzing a calibration standard (usually the
midlevel standard). If the minimum relative response factors for the standard compounds are not
met, corrective action must be taken before samples are analyzed. The percent difference of
relative response factor compared to the average relative response factor from the initial
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calibration is calculated as follows:

Equation 1.7 % Difference = (RF; - RF;)/RF; X 100
Where: RF, =Average relative response factor from initial
calibration
RF. =Relative response factor from current calibration
check standard.

If the percent difference criterion for each standard compound is met, the initial calibration is
assumed to be valid. If the criterion is not met for any of the compounds, corrective action must
be taken. A new five-point calibration must be generated if the source of the problem cannot be
found and corrected.

The internal standard responses and retention times for each standard compound must be
evaluated. If any internal standard retention time changes by more than 30 seconds from the last
calibration check (12 hours), the system must be checked for malfunctions and corrected as
necessary. If the extracted ion current profile area for any of the internal standards changes by a
factor of two from the last daily calibration standard check, the system must be checked for
malfunctions and corrections made as necessary. All samples analyzed during the time the
system was malfunctioning must be reanalyzed. Details of modifications to the analytical
method EPA 8260 to account for the presence of surfactant are identified in Section 5.2.1.

Gas Chromatography. A gas chromatograph (GC) will be used to analyze organic tracers used
for the partitioning tracer tests. These analyses may be divided between the on-site Surbec Lab
and the selected off-site laboratory, the University of Oklahoma lab. Refer to Section 5.3.2 for
additional information regarding GC and tracer analysis.

High Pressure Liquid Chromatography (HPLC). HPLC will be used for surfactant analyses.
Section 5.3.1 lists the various detectors that can be utilized depending on surfactant type. These
analyses may be divided between the on-site Surbec Lab and the selected off-site laboratory, the
University of Oklahoma lab.

Initial calibration consists of determining the linear range and establishing retention time
windows. Detection limits will be established using the method detection limit study as defined
in California Department of Water Resources, 1974. The calibration will be checked daily to
ensure that the system remains within specifications. If the daily calibration check does not meet
established criteria (refer to Table A.4), the system will be recalibrated. Calibration standards
will be prepared according to the standard operating procedure for the method. For the SW846
8000 series methods, calibration standards will be prepared for each analyte of interest at five
concentration levels. One of these standards will be slightly above the method detection limit.
For verification of the quantification limit, spiked samples at the lowest detectable limit will be
analyzed during instrument calibration. The other standards will bracket the concentration range
expected in the environmental samples, but not exceed the working range of the detector. A
reagent water blank will be run prior to calibration to show the absence of interferences. The
calibration standards then will be introduced into the system and a calibration curve will be
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generated for each analyte.
The response factor for each analyte at each concentration will be calculated as follows:

Total Area of Peak®
Mass Injected (in nanograms)

Equation 1.8 Response Factor (RF) =

@For multiresponse analytes, the area from at least five major peaks shall be used for
quantitation.

Acceptance Criteria Linearity checks are based upon the correlation coefficient (r> .99) of the
best fit line for the calibration data points, or on the percent relative standard deviation (% RSD)
for response factors calculated for each analyte at each level over the working range. The
correlation coefficient is calculated as:

Equation 1.9
n2(xy) - (Xx)(Xy)

y =
VIn(EX) - (Zx)][(EY') - (Sy)]
Where: x = Calibration concentrations
y = Instrument response (peak area)
n = Number of calibration points (x,y data pairs).

5.1.2 Field Equipment Calibration

During the groundwater sampling program field equipment will be used to measure groundwater
levels, pH, specific conductance, and temperature. The meters will be calibrated according to the

procedures outlined below.

Water-Level Sounder
Electric water level sounders will be checked before the beginning of field activities by

comparing the scale on the water level tape against an engineering measurement tape.

pH, Temperature, and Specific Conductivity Meter

A water quality instrument will be used for pH, temperature and specific conductivity
measurement. The instrument will be calibrated daily prior to use according to the
manufacturer’s instructions. The meter will follow an automatic calibration routine in which a
single standardizing solution, supplied by the manufacturer, is used to calibrate the meter for pH
and specific conductivity. Periodically, the automatic calibration of the instrument will be
checked manually using independent reference solutions including two pH buffers that bracket
the expected pH (generally pH 7 and pH 10), a 1,000 pmhos/cm standard conductivity solution,
and turbidity-free distilled water. The temperature probe will be checked periodically against a

thermometer to confirm measurements.
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Organic Vapor Meter

Organic vapor readings will be taken only for the purpose of monitoring the health and safety of
the workers. Generally, if breathing air concentrations exceed 10 ppm respirators will be
donned. Organic vapor detectors, including flame ionization detectors (FIDs) and
photoionization detectors (PIDs), will be calibrated according to the manufacturer’s instructions
prior to daily use and any time that instrument drift is suspected. Calibration will be checked at
the conclusion of each day of use in order to evaluate instrument performance. Instruments will
not be adjusted before the final calibration check has been performed and recorded. Calibration
procedures will be documented in the logbook or on the appropriate field form. Calibration
gases that have a shelf life will not be used past the expiration date.

5.2 Sample Preparation

5.2.1 Contaminant in Surfactant Solution Sample Preparation

The existence of surfactants in aqueous samples can significantly reduce the volatility of the
target VOCs from solution, thus affecting headspace volatilization methodologies. Also
surfactants can foam during sparging in a headspace analysis. As a result, the analytical
methodology (EPA 8260) will be modified slightly when surfactants are present in solution to
account for this effect. Samples analyzed at the selected laboratories should utilize the same
method for contaminant analysis. There are several possible methodologies that could be utilized
for this purpose.

One potential methodology is a method developed at the University of Oklahoma for the analysis
of contaminants in the surfactant/cosolvent solutions (see reference nos. 6 and 7 in Table A.3 of
this section for peer-reviewed published procedures). An aliquot of the field sample is diluted
with the 4 percent surfactant solution such that it is 10 percent by weight of the original sample
(that is, a 0.2-gram sample aliquot is added to a headspace vial containing 1.8 grams of the 4
percent surfactant solution). The logic for the 4 percent solution is that it standardizes the
surfactant concentration. .

Due to the high potential for foaming during the sparging for GC/MS aﬁalysis, a heat source
would be used to volatilize the sample into the carrier gas. To prevent foaming, the sample
sparge tube (in the headspace analysis) should not penetrate the sample.

5.2.2 Contaminant and Tracer Sample Preparation

Preparation of these samples will be in accordance with EPA methods for volatiles analysis
(EPA method 8260B) which require collection in 40-milliliter volatile organics analysis (VOA)
vials and sealed without headspace.

5.3 Sample Analysis

For the analysis of VOCs in field samples containing surfactant, the analysis will be conducted
using a GC/MS following a modified 8260 methodology.
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5.3.1 Surfactant Analysis

Surfactant samples will be analyzed using a liquid chromatography system. Three in-line
detectors will be installed for the analysis of different surfactants. Anionic steols will be
analyzed by an Altech 320 conductivity detector and nonionic Tweens will be analyzed using an
Altech Varex MKIII evaporative light-scattering detector. Vivian Star 4.5 Chromatography
Workstation software will be used to record, analyze and store chromatograms.

5.3.2 Tracer/Cosolvent Analysis

Field samples containing organic tracers are typically analyzed using a gas chromatograph (GC)
equipped with headspace auto-sampler and FID. Chromatography workstation software is used
to record, analyze and store chromatograms from the GC.

For immediate analysis of the bromide tracer in the field, a Cole-Parmer Bromide Electrode will
be utilized. The standards will be prepared and calibration curves are run at least daily. Single
standards will be run hourly to ensure the probe is working correctly. Field samples containing
fluorescein will be analyzed by a fluorometer. The standards will be prepared and calibration
curves will be run at least daily. Single standards will be ran hourly to ensure the fluorometer is
working correctly. This procedure will be used for both on-site and off-site analyses.

5.4 Quality Control

Quality control is demonstrated by documenting that there are no interferences from the
analytical system, glassware, and/or surfactants. Equipment blanks will be carried through all
stages of the sample preparation and measurement steps. For each analytical batch of up to 20
samples, a surfactant blank, a calibration standard and a calibration standard duplicate will be
analyzed. The standards analyzed must be within plus or minus 10 percent of the calibration
curve. Calibration standards will be composed of the investigated contaminants.

6.0 DATA REDUCTION, VALIDATION, AND REPORTING

This section generally describes procedures for reducing, validating, and reporting data. All data
will be stored in electronic form in accordance with the specific laboratory policy on data
storage. All information will be backed up electronically on either zip disks, CD ROM, or
digital tape and stored for 3 years. Any modifications deemed necessary will need to be

negotiated.

6.1 Data 'Reduction

The Project Manager or designated staff will be responsible for reducing the data obtained from
on-site and off-site laboratories. The data will initially be tabulated to facilitate comparison and
statistical analyses. All duplicates and blanks will be included in the tables, but will not be
included in the comparisons and statistical analyses.

The purpose of the duplicates, spikes, and blanks is to be used as QC checks for the field and
laboratory procedures (for example, “red flags”). Hence, anomalous duplicates, spikes, and
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blanks results will be used to determine when data is questionable and not to be used in the
comparisons or statistical analyses. Blanks will consist of trip blanks and field blanks as
described in Section 7.1.

6.2 Data Validation and reporting

Quality assurance/quality control for laboratory generated data is reviewed by the Laboratory QC
Manager to determine if the reported project data is acceptable for incorporation into the various
project reports.

All laboratory data will be reviewed and evaluated in relation to data quality objectives
established in this plan. A review of analytical data packages will be performed by the QC
Manager and the Laboratory QC Manager.

Analytical results will also be reviewed by the Project Manager prior to being included in the
project files and reported to the client. Should any anomalous or missing data appear in this
documentation, the Project Manager will investigate the validity of the data in question, then
draft a memo detailing the problem and proposed disposition of the data (accept, reject, use-as-is,
etc.). The memo will be sent to the lab QC Manager for their review. Upon correction, the data
will undergo a final review by a task separate QC Manager.

All project records will be reviewed for overall appearance, technical accuracy, and writing style
prior to release to the client. The level of this review will be dependent upon the technical
complexity of the report itself. In all cases, the report will be reviewed by the QC Manager.

The laboratory will archive all raw data/data packages associated with the analysis of project
samples for a minimum of 5 years after project completion. This includes QA/QC standards,
chromatograms, data notebooks, injection logs, instrument calibration and performance data, and
any associated workbooks and calculations.

7.0 INTERNAL QUALITY CONTROL CHECKS

Quality control checks will be implemented daily throughout the performance of field activities.
The QAPP and other required documentation will be available and maintained at the on-site
laboratory. The main focus of the QC Manager will be to assess the field procedures, the
laboratory data, and the results and conclusions drawn from this data. The assessment will be
steered by the QA objectives stated in Section 1.1. A complete data assessment will consist of a
step-by-step QC check from the collection of the data through the final data reporting.
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7.1 Field QC Check Samples

The purpose of collecting duplicate samples is to check the laboratory and field procedures, and
to evaluate the precision of the overall sampling and analysis program. The duplicate samples
will be collected from locations with known contamination.

Duplicates

During a given scheduled sampling at each well, the duplicate sample will be collected
immediately after the primary sample is collected. The duplicate will be assigned an
identification to distinguish it from the primary sample collected at that location. As the
duplicates will be submitted to the same laboratory, the identity of the duplicate will be
distinguishable only by the sampler and not by the lab personnel. Based on these results, an
objective assessment can be made concerning the lab and field procedures. Then an evaluation
of the precision of the overall groundwater sampling and analysis program can be calculated.
Duplicate samples will be collected at least weekly for off-site analysis. Daily duplicates will be
collected during onsite analysis when the sample load is high (greater than 10 per day) to
accurately assess the daily sampling variation and the daily laboratory operating procedures.

Blank Samples

Blank samples provide a check for cross-contamination during sample collection and shipment
and in the laboratory. They are required when conducting water, sediment, and air sampling.
Two types of blanks will be used to assess for potential cross-contamination during this project:
trip blanks and field blanks.

One trip blank will be analyzed weekly by off-site labs. A triplicate blank sample (reagent grade
water) will be shipped from the originating laboratory (off-site and on-site) to the facility and
will then be returned with a sample batch to the laboratory for analysis. The blank will not be
opened in the field and will remain in the cooler in which it was shipped from the laboratory. A
triplicate blank is particularly relevant when volatile organic analyses are conducted as a check
for cross-contamination during transport of the groundwater samples.

The second type of blank that will be used is the equipment blank. Equipment blanks are used to
evaluate decontamination procedures. Weekly field blanks (reagent-grade water) will be
prepared in the field during investigative work and daily during intensive sampling periods (for
example, tracers, surfactant flood). Equipment blank samples will be obtained for the nested
piezometer by pouring reagent-grade water into a clean, sampling bailer then filling a sample
container in the same manner that would be used to collect a groundwater sample. Equipment
blanks will be obtained from the wells by pumping reagent-grade water through the pump then
filling a clean sample container in the same manner that is used to collect groundwater samples.
This procedure is done in the field prior to sample collection at a selected location.
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8.0 PERFORMANCE AND SYSTEM AUDITS

This section describes the QA audits that will monitor the system used to obtain measurements.
These audits include technical systems audits and performance evaluation. A technical systems
audit is a qualitative evaluation of all components of the measurement system, including
technical personnel and QA management. This type of audit includes a careful evaluation of
both field and laboratory QC procedures. The technical system audits will be performed before,
or shortly after, measurement systems are operational, during the operation, and at the end of the
operation. The audits will be performed by the Surbec Project/QC Manager, Mark Hasegawa.
Copies of all reports summarizing auditing activities and corrective actions will be submitted to
TtEMI as they occur and in the form of monthly reports and a final report.

After measurement systems are operational and begin generating data, performance evaluation
audits will be conducted monthly to determine the bias of the total measurement system.
Performance evaluation audits will consist of submitting performance evaluation samples to the
laboratory, including duplicates and blanks.

Internal audits of data quality are retrospective evaluations of data and are required duties of the
QA Manager. A representative portion of the results in an analytical report will be reviewed in
detail daily by the QA Manager, starting with raw data and chromatograms, and then proceeding
through the calculation of final results. Copies of all audit reports summarizing auditing
activities and any corrective actions will be submitted to TtEMI for review.

9.0 CORRECTIVE ACTION

The QA Manager will be responsible for instituting and reporting all corrective action activities
(Table A.2). The QA Program calls for corrective actions whenever quality control limits (for
example, calibration acceptance criteria) or QA objectives (for example, precision, as determined
by analyzing duplicate matrix spike samples) for a particular type of measurement are not met.
The process will require corrective action if data generated from the laboratory lie outside the
QA limitations associated with sampling and analysis for the parameters of interest. All
corrective action — initiation, resolutions, and related actions — will begin immediately and will
be documented on the Corrective Action Request Master Log. All corrective actions must be
communicated to and concurred with TtEMI staff. A Corrective Action Form follows.
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CORRECTIVE ACTION FORM

Surfactant Enhanced DNAPL Treatability Study, Alameda Point, Alameda,
CA

Date:
Field Manager:

Project Activities Log (attach additional pages as required)

Time Description

Non-Conformance Activity or Work
Time Description
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10.0 SAMPLING CHAIN-OF-CUSTODY, HANDLING, AND SHIPPING
PROCEDURES

To ensure that samples are identified correctly and remain representative of the environment, the
documentation and sample custody procedures specified in this section will be followed during
sample collection and analysis. Standard sample documentation and custody procedures, as
outlined below, will be used during each sampling event to maintain and document sample
integrity during collection, transportation, storage, and analysis. The QA Officer will be
responsible for ensuring proper documentation and custody procedures are initiated at the time of
sample collection and that individual samples can be tracked from the time of sample collection
until the samples are relinquished to the laboratory. Individual on-site and off-site laboratory
personnel will be responsible for maintaining sample custody and documentation from the time
the samples are collected, through relinquishment to the lab, and to final sample disposition.

10.1_Sample Labels

Sample labels will be completed using indelible ink attached to sample containers at the time of
sample collection. Any errors will be corrected by drawing a single line through the incorrect
entry, entering the correct information, then initialing and dating the change.

10.2 Chain-of-Custody Procedures

Chain-of-custody (COC) procedures provide an accurate written record of the possession of each
sample from the time of collection in the field through laboratory analysis. A sample is
considered in custody if one of the following applies:

« It is in an authorized person's immediate possession
o [tisin view of an authorized person after being in physical possession

. Itisin a secure area after having been in physical possession of an authorized person

o Itisin a designated secure area, restricted to authorized personnel only

The sample custody and documentation procedures will be initiated at the time of sample
collection in the field. Sample collection details will be documented using Field Daily Sampling
Log forms using indelible ink. Any errors will be corrected by drawing a single line through the
incorrect entry, entering the correct information, then initialing and dating the change. Samples
being shipped to an off-site laboratory will be documented using a Sample Submittal Form and,
along with a completed COC Documentation Form, will be included with each sample cooler.
Unused portions of the COC form will be crossed out and initialed. The sampler will retain a
copy of the COC Documentation and the Sample Submittal forms. These forms will be signed,
placed in a plastic bag, and taped to the inside of the shipping container used for sample
transport. Custody seals will be placed in two locations across the cooler closure to ensure that
any tampering is detectable. The date and initials of the sampler will be written on the custody
seal. Signed airbills will serve as evidence of custody transfer between the field sampler and
courier, and courier and laboratory. The sampler will retain and file copies of the COC record
and the airbill after the samples are shipped. The samples are relinquished to the laboratory upon
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arrival, and the laboratory personnel will then complete the COC.

A field sample lot number will be assigned to each sample cooler each day of sampling and will
be recorded on the Field Daily Sampling Log. The field lot numbers are used to identify the
field samples that are associated with specific quality control samples; that is, the field lot control
number identifies the environmental samples and QC samples that were collected or submitted
for analysis on the same day. The field lot numbers have four characters. The first character
identifies whether there is an ambient conditions blank associated with the sample; the second
character indicates whether there is an associated equipment blank; the third character indicates
whether there is an associated triplicate blank; and the fourth character identifies the cooler that
was used for sample shipping. For this demonstration, the first number will always be zero,
because there will be no ambient condition samples. The next three numbers will be 0 to 9; that
is, the first blank for the day is “1”, the second is a “2” and so forth.

10.3 Laboratory Custody Procedures

Upon receipt of samples to off-site laboratories, the integrity of the shipping container will be
checked by verifying that the custody seal is not broken. The cooler will be opened, and the
temperature blank will be measured to determine the temperature inside the cooler. The sample
containers will then be checked for breakage, leakage, damage, and the contents of the shipping
container will be verified against the COC. Custody seal integrity, cooler temperature, and
sample preservation will be documented.

10.4 Logbook Maintenance

A permanent logbook will be maintained in the sample control area of on-site and off-site
laboratories to document the following:

« Date of sample receipt

« Sample accession number
«  Number of samples

« Source of samples

All insufficiencies and/or discrepancies in sample logging will be immediately reported to the
Laboratory Manager and the anomalies recorded in the logbook. The Laboratory Manager will
either resolve the problem internally or contact Surbec’s Project Manager for resolution. If the
samples and documentation are acceptable, each sample container will be assigned a unique
laboratory identification number to assist in tracking samples while they are in the custody of the
laboratory. Other information that will be recorded includes date and time of sampling, sample
description, due dates, and required analytical tests.

The samples will be transferred to the appropriate refrigerators. Separate refrigerators will be
used for samples suspected to contain high levels of organic compounds and for samples for
VOC analyses. The sample refrigerators will be kept at 4°C plus or minus 2°C; their
temperatures will be measured daily with thermometers calibrated against NIST thermometers
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and recorded. The cleanliness of refrigerators storing samples for VOC analyses will be
monitored using refrigerator blanks.

Samples will be distributed for analysis by either a sample custodian or laboratory chemist.
Sample tracking will be documented on the Sample Control Form. After all samples and
documentation have been reviewed and appropriately annotated, the sample custodian will sign
the logsheet. Any marks or notes made on the chain-of-custody document by the sample
custodian will be clearly distinguishable from original field notations.

Shipping receipts will be stapled to the COC Documentation Form and stored in the project file.
Samples will be placed in appropriate storage areas in the laboratory depending on storage
requirements. The laboratory managers or their designee will be notified that the samples have
arrived through the distribution of arrival notices. The sample custodian will log the samples
delivered into the cold room in the Cold Room Sample Arrival Logbook. The cold room will be
kept locked when not in use. Samples for metals analysis will be stored in a separate
air-conditioned storage room located near the metals sample preparation area.

10.5 Sample Return and/or Disposal

All samples generated from the test site will be subjected to the appropriate testing procedures.
Wastes generated off-site during the course of the testing processes will be stored in designated
storage containers and disposed of by the laboratory as regulated according to all applicable
federal, state and local regulations.
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ATTACHMENT A

Standard Operating Procedure
Bench-Scale Surfactant Screening,
Tracer Testing, and
Analytical Procedures

1.0 Surfactant Bench-Scale Testing

Following are detailed standard operating procedures for the completion of bench-scale testing.

1.1 Contaminant Solubilization

The objective of this test is to quantify the solubilization potential of a range of surfactants and
for the dense nonaqueous-phase liquid (DNAPL) from the subject site. Contaminant
solubilization will be assessed in batch systems (40-milliliter EPA vials) by contacting an excess
of the DNAPL with varying concentrations of the surfactants (ranging from concentrations of
critical micelle concentration (CMC)/10 to concentrations of 20 times CMC concentrations) in
site groundwater at the site temperature. At least 6 surfactant concentrations will be utilized, two
below the CMC and four evenly spaced between the CMC and 20x the CMC on a solubilization
versus surfactant concentration plot. Increasing DNAPL concentrations will be evidenced in the
aqueous phase as the surfactant concentration increases (above the CMC for surfactants). The
plot of aqueous DNAPL concentration versus surfactant concentration will be almost horizontal
below the CMC and linear with a positive slope above the CMC. The linear portion of this
region can be interpreted to determine the micellar-water partition coefficient of the DNAPL;
increasing values of this partition coefficient indicate increased affinity of the contaminant for
the surfactant micelles (and thus improved efficiency in the surfactant-enhanced remediation).
Solubility as a function of cosolvent fraction will be measured and cosolvency powers will be
determined using the log-linear cosolvency relationship. Aqueous DNAPL concentrations will
be determined by High Performance Liquid Chromatography (HPLC) analysis.

1.2 Surfactant-DNAPL Phase Properties
The objective of this test is to evaluate the phase behavior of the surfactant (NAPL) system (may

be simulated NAPL) in an effort to avoid significant reductions in the interfacial tension or
unfavorable viscosities or densities which might result in unfavorable flow characteristics.
Formation of middle-phase microemulsions (with ultra-low interfacial tension) is specific to the
DNAPL composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.) and must thus be carefully examined to achieve success. Therefore, site-specific

groundwater will be used.

DNAPL/surfactant or solution interfacial tensions will be measured for the selected surfactant
systems. Samples will be prepared with 5 milliliters (ml) of DNAPL and 5 ml of surfactant
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solution in 15-ml sample vials fitted with septa; the solutions will be equilibrated for 1 week with
daily gentle mixing to assure equilibration. Interfacial tensions will be measured. Studies will
be conducted in 10-ml glass pipettes flame-sealed to prevent volatilization losses. Five ml of
DNAPL and 5-ml of aqueous solution will be added to the pipettes. The hydrophilic lipophilic
balance (HLB) of the surfactant system will be varied (for example, one surfactant concentration
will be held constant [for example, Aerosol OT] and the concentration of a second surfactant or a
cosurfactant [hydrotrope; for example, SMDNS] or salinity or hardness will be varied). Visual
inspection will monitor the phase behavior (surfactant in the oil versus water phase, appearance
of a third phase-middle phase microemulsion). The phase diagram will plot phase behavior
(Winsor Type I, II and III) as a function of varying the composition (HLB) and concentration of
the surfactant system to produce a so-called three-parameter or phase optimization diagram. All
systems exhibiting acceptable phase behavior will also be examined for viscosity and density.
Systems with unfavorable viscosity or density will be modified or abandoned.

When adjusting surfactant systems towards a middle phase microemulsion pointwise solubility
enhancements will be determined. Comparing solubility enhancement versus interfacial tension
(IFT) as the system moves toward the Winsor Type III middle-phase micro emulsion will
provide guidance as to what system to evaluate in column studies.

1.3 CMC Measurements

Because knowledge of the CMC of the surfactant facilitates conducting the remaining tasks, the
first studies to be performed will be measurements of the CMC’s of the surfactants at aquifer
conditions. The first step in determining the CMC of a surfactant will be to use a dye test, using
pinacyanol chloride as the dye, to estimate the CMC. Pinacyanol dye is violet in the absence of
micelles but blue in the presence of micelles. A 10-ml sample of the surfactant at a
concentration of 5 wt. % will be tested with a low concentration of the dye (initially solubilized
in an ethanol solution). If the dye becomes blue, then the 5 wt. % solution is above the CMC;
the solution is then diluted by factors of 10 (1 ml of surfactant to 9 ml of groundwater) until the
solution becomes violet. The CMC of the surfactant is then approximately the average of the
lowest concentration showing micelles and the highest concentration showing only monomers.

The final CMC of the surfactant is determined by surface tension measurements using an
automated Wilhelmy plate tensiometer. The surface tensions of six surfactant concentrations are
spaced so that 3 evenly divide the decade below the estimated CMC and three evenly divide the
decade above the CMC when plotted on a surface tension versus log concentration plot. The
break in the surface tension versus log concentration plot identifies the surfactant CMC. CMC
measurements will be performed using site groundwater at the site groundwater temperature.

1.4 Surfactant Sorption
The objective of this test is to quantify the sorptive losses of the surfactants onto the soil from the

test site. This will assess the negative impacts of surfactant losses due to sorption in the
subsurface, and will assist in screening the surfactants for use at the site.

Surfactant sorption will be assessed in batch systems by contacting varying surfactant
concentrations with a constant mass of soil from the site aquifer. Surbec Environmental will use
six concentrations per surfactant, beginning with a feed concentration of 1.0 times CMC and
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increasing in steps of two CMC units to a maximum concentration of 15 times CMC. The
experiments will utilize 5 grams of soil with 25 ml of surfactant solution with equilibration times
of at'least 24 hours. Upon centrifugation for solids-liquid separation, aliquots of the supernatant
will be analyzed for the equilibrium surfactant concentration. The mass of surfactant sorbed will
be determined by mass balance (with appropriate controls to account for other losses). The
resulting surfactant sorption isotherms (plots of mass of surfactant sorbed per mass of soil versus
equilibrium surfactant concentration) will be analyzed for appropriate sorption parameters (for
example, Langmuirian sorption coefficient and capacity terms).

1.5 Surfactant Precipitation

The objective of surfactant precipitation is to quantify the precipitation boundaries of the
surfactants under investigation, whether the phase boundary is crossed due to ionic composition
(tonic surfactants) or groundwater temperature (nonionic surfactants) of the system.

Precipitation (phase separation) assays will be conducted using 120-ml glass vials with 100 ml of
solution in each vial. The ionic strength of the groundwater will be varied by addition of excess
multivalent ions to assess precipitation of anionic surfactants; the groundwater temperature will
be varied to assess phase separation of the nonionic surfactants. Ionic strength will be varied
from 0.1 to 10.0 times the dominant monovalent and divalent cation concentrations present in the
groundwater. Temperatures will be varied from 10°C below to 10°C above the mean
groundwater temperature for aquifer. Only one set of samples will be mixed; the same set will
be allowed to equilibrate at each target temperature. Surfactant concentrations will be varied
from 0.1 to 25 times the CMC for assessing phase separation. Surfactant phase diagrams will be
plotted by showing regions of phase separation for plots of surfactant concentration versus ionic
strength at each temperature.

1.6 Contaminant Extraction-Column Studies

Surfactant and contaminant elution from the columns will be analyzed and plotted as
breakthrough and elution curves. Mass balances of surfactant and contaminant will be conducted
on the column runs and duplicates of certain column runs will be conducted; these measures will
provide confidence as to the validity and reproducibility of the column results. Each column
study will require 10 to 50 pore volumes to approach complete contaminant removal.

Glass liquid chromatography columns (2.5-centimeter diameter by 15-cm length) will be utilized
for conducting column studies. The columns will be packed with core materials obtained from
the subject site. Most likely the column will first be flushed with simulated DNAPL prior to
flushing. A time-controlled fraction collector will be utilized to collect discrete samples for gas
chromatograph (GC) or HPLC analysis. The surfactant/cosolvent concentration for each system
will be selected based on predicted performance. The surfactant/cosolvent solutions will be
prepared using native groundwater unless temperature measurements at the site indicate that a
different temperature should be used. Hydraulic flow rates through the column will be
determined prior to flushing the surfactant solution. When surfactant flushing begins, the
following parameters will be monitored continually: flow, injection rate, and pressure drop. For
each column test, a minimum of 7 influent and 15 effluent samples will be collected. The
influent samples will be analyzed for concentrations of NAPL, surfactant/cosolvent, and selected
cations (four samples only). IFT measurements will also be made. The effluent samples will be
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analyzed for concentrations of dissolved TCE, select cations (four samples) and
surfactant/cosolvent. Each effluent sample will be checked for free phase TCE, and IFT
measurements will be made. Flushing will continue until an asymptotic level of removal is
achieved.

At the conclusion of flushing, the columns will be dismantled to determine the concentrations of
NAPL constituents and surfactant in soil. This information will be used to corroborate mass
balances for the contaminant and surfactant.

1.7 Equilibrium Partitioning Airstripping Tests(optional)
The purpose of the batch equilibrium testing will be to determine the effeéts of surfactants on the
partitioning of the NAPL components with air.

The surfactants selected for the final column soil flushing experiments will also be subjected to
batch equilibrium partitioning experiments (surfactant-contaminant-air). Five samples of the
surfactant/cosolvent solutions will be prepared at varying concentrations; if it is a surfactant, the
concentrations will be 0, 0.5, 10, and 25 times the CMC. Excess NAPL (actual or simulated)
solution will be added to each sample and mixed until saturation occurs. An air-to-water ratio of
(volumetric; 2 to 5 ml of aqueous phase) 20:1 has been selected; this ratio should produce
changes in the aqueous phase VOC concentrations over the range of surfactant concentrations
used. Each stock solution will be analyzed prior to the test to determine pre-partitioning
contaminant concentrations.

Vials will be prepared in triplicate for each surfactant concentration and sealed with Teflon-lined
septum screw caps immediately after filling. Care will be taken to minimize agitation and
turbulence during filling. The vials will then be allowed to equilibrate for 48 hours in darkness.
The equilibrium contaminant concentrations in the aqueous phase will be determined by HPLC
or other appropriate analysis. The concentration of contaminant in the vapor phase will be
determined by an overall mass balance of the influent and effluent water stream.

The results of the batch equilibrium tests will be tabulated and summarized. The Lipe-Hasegawa
model will be used to plot predicted partitioning results (Lipe et al., 1996). The results of the
batch equilibrium tests will be used to validate the model for the site-specific NAPL.

1.8 Surfactant Re-concentration/Micellar Enhanced Ultrafiltration (M‘ EUF)

The purpose of the MEUF testing is to determine the potential for economic recycling of the
surfactant through membrane filtration.

Suitability of the surfactant chosen from the column tests will be determined by bench-scale
ultrafiltration of solutions at 10 times the CMC. A volume of surfactant solution equal to 100 ml
will be placed in a stirred batch cell designed to hold a sample of the ultrafiltration membrane.
Air pressure will be applied to force the solution through the membrane. At least 20 percent of
the solution will be forced through the membrane to assure equilibration of the membrane with
the surfactant. Surfactant concentration in the permeate will be analyzed by HPLC. An
acceptable permeate concentration should be at or below the CMC of the surfactant. Flux across
the membranes will be measured across the largest molecular weight cut off (MWCO)
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membrane giving a concentration near the CMC to allow calculation of the total membrane area
needed for a scale-up.

1.9 Degradation Testing (optional)

Surfactant and contaminant degradation evaluation will be conducted by testing surfactants
and/or cosolvents in site sediment groundwater samples. Over the years, the techniques for
investigating the biodegradation of contaminants in the subsurface environments have been
developed by us and embraced by the scientific community. The procedures for these tests will
follow those included in the American Society for Microbiology’s Manual of Environmental
Microbiology (Suflita et al., 1997). All degradation testing will be supervised by Dr. Joe Suflita.

Sediments collected from the contaminated site will be sealed in the field (in ammunition boxes
under nitrogen) and processed usually within 1 or 2 days. In order to determine the potential for
aquifer microorganisms to biodegrade surfactants or chlorinated solvents, slurry incubations will
set up under aerobic or select anaerobic conditions. Aquifer sediments samples will be opened in
an anaerobic glove bag containing 5 percent Hydrogen (H;) in Nitrogen (N,) to ensure that
subsamples for anaerobic incubations will not be exposed to O2 in the laboratory. Samples will
be mixed in the anaerobic chamber to try to attain a representative homogeneous sample to add
to aerobic and anaerobic incubation vessels.

Anaerobic incubations will be established by weighing 25 or 50 grams of aquifer sediment into
120- or 160-mL serum bottles. Anoxically prepared sterile mineral medium or site groundwater
was then added to the microcosms (50 or 75 ml). Serum bottles will be sealed with sterile butyl
rubber stoppers, or in the case of the volatile chlorinated solvents, with sterile composite stoppers
(a butyl rubber stopper fused to a Teflon stopper). Microcosms will be sealed with aluminum
crimps. Headspaces of the microcosms will be then exchanged with 20 percent CO2 in N2 and
incubated at room temperature in the dark, or at the same temperature of the aquifer from which
the sediments will be derived. Depending on which anaerobic electron-accepting process is to be
studied, the mineral medium or groundwater is amended with nitrate for nitrate-reducing
incubations, Fe(IIl) for iron-reducing conditions, sulfate for sulfate-reducing conditions, or
without electron acceptor for methanogenic incubations.

Aerobic incubations will be established in Erlenmeyer flasks or serum bottles. Aquifer
sediments will be asceptically weighed into incubation vessels (25 or 50 grams) and will be
amended with site groundwater or sterile, aerobically prepared mineral medium (50 or 75 ml).
Flasks or serum bottles for incubations with surfactants will be sealed with foam plugs, and
serum bottles for chlorinated solvent incubations will be sealed with Teflon stoppers to prevent
volatilization. Vessels will be incubated on a rotary shaker at room temperature or at the same
temperature of the aquifer from which the sediments will be derived.

A known concentration of surfactant or chlorinated solvent will be added to each slurry from
sterile, surfactant or chlorinated-solvent stock solutions. Stock solutions to be added to anaerobic
incubations will be prepared anoxically. Surfactant- or chlorinated solvent-containing
microcosms will be incubated alongside unamended substrate controls to account for background
electron-accepting processes. Autoclaved controls containing substrates will be also established
to account to abiotic losses [autoclaved three times for 60 minutes at 121°C and 15 pounds per
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square inch (psi)]. All incubations will be set up in triplicate. The information determined from
these studies will in turn be extremely valuable in deciding on the appropriate surfactant and
ultimately in determining the fate of the contaminants. The incubation of aquifer slurries with
contaminants can determine the fraction of contaminant mineralized and provide data needed for
field studies.

Partitioning Tracer Testing Procedures

Objectives. Tracer tests will be performed prior to (pre-test) and subsequent to (post-test) the
technology demonstration test. The objectives of these tests are to determine the total volume and
the spatial distribution of NAPL within the flushed zone. During the test, a small volume of
solution containing low concentrations of both conservative and partitioning tracers will be pumped
through the cell. Chromatographic separation of the conservative and partitioning tracers will be
reflected in concentration breakthrough curves (BTC) developed for the various sampling points in
each cell. All tracer tests will be designed and conducted using procedures described by Pope et al.
(1994) and Annable et al. (1995).

Tracers. Tracers will be chosen based on their partitioning behavior between water and NAPL
from the test site. Other desirable tracer properties include 1) nontoxic, 2) nonhazardous, 3)
nondegrading, 4) low volatility, 4) reasonable cost and availability, and 5) easily quantifiable in the
presence of NAPL constituents. The impact of NAPL variability on the partitioning behavior of
selected organic tracers will be evaluated by laboratory liquid-liquid partitioning tests. When
possible, tracers will be selected from the following: ethanol, methanol, bromide,
2,2-dimethyl-3-pentanol, n-pentanol, 6-methyl-2-heptanol, 2,3-dimethyl-2-butanol, methylated
hexanol, and methylated octanol.

Tracer Solution. The tracer solution will be developed by mixing a small volume (approximately
5 gallons) of the mixed alcohols with sufficient fresh tap water to yield the appropriate volume and
concentration of tracer solution.

Sampling. Numerical simulations using a three-dimensional model will be run prior to each tracer
test. These simulations will be based on measured hydraulic properties of the medium, and the
partitioning characteristics of the tracers determined from laboratory studies. Sampling schedules
will be developed from simulated BTCs. Each BTC will be defined by at least 20 data points for
the sampling clusters and 20 to 30 points for the extraction wells. The distribution of these data
points will be adequate to provide resolution of the entire BTC with minimal extrapolation. A
minimum of one non-reactive and two reactive tracers will be used. Hydraulic gradients and flow
rates will be continuously monitored and recorded during each test. To the extent possible, sample
analysis will be conducted at the field site. All samples will be carefully labeled and stored in a
manner to protect sample integrity. Sampling schedules may be modified during the tracer tests
based on on-site measurement of tracer breakthrough.
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General Procedures. The injection/extraction schedule for the tracer tests is as follows:

Days Activities

0-0.5 Injection of 0.5 pore volume of fresh tap water and extraction of 0.5 pore volumes
of groundwater. These activities will establish hydraulic equilibrium in the
subsurface.

0.5-1 Injection of 500 to 1000 gallons total of tracer solution containing up to 100
milligrams per liter (mg/L) of various alcohols and 2,000 to 3,000 mg/L of
bromide. Extraction will result in fluid with a composition similar to that of site
groundwater.

1-6 Injection of 6 to 8 pore volumes of fresh tép water will follow tracer injection.

The recovery wells will operate at a rate designed to ensure capture of injected
tracers (expected duration of recovery well operation will be 8 to 10 days). The
extracted fluid will initially show a composition similar to that of the site
groundwater; the waste will then start to show increasing concentrations of the
tracer constituents, followed by decreasing concentrations of the tracer
constituents. Due to the low concentrations of constituents used in the input
tracer solution, it is expected that the extracted fluid will contain extremely low
concentrations of tracer constituents.

Data Analysis. Breakthrough curves for reactive tracers will be used to estimate the volume and
spatial distribution of NAPL in each test cell. Up to three methods may be used to calculate the
NAPL distribution. First, the integrated mass of NAPL in the swept volume will be calculated by
the method of moments. Second, an inversion technique will be used with a solution to the one-
dimensional convective-dispersive equation utilizing a method of superposition to account for
spatial variability along the flow path. The third method will be an inversion technique.
Calculations will be made for each of the sampling points and the extraction well. Estimated values
of NAPL saturation will be stored electronically in a uniform format.

Moment Analysis. The method of moments may be used in combination with head measurements
to determine the water-filled porosity and saturated hydraulic conductivity. These calculations will
be made at each of the sampling locations and the extraction wells.

Miscellaneous. It is probable that the composition, as well as the volume of residual NAPL, will
be altered during the technology demonstration tests; therefore, additional partitioning tests will
be required to design post-extraction tracer tests. Tracer screening will be done using NAPL,
which has been exposed to the appropriate extracting fluid under conditions similar to those
present in the test cells. When possible, additional testing will be conducted on NAPL (or core
material containing NAPL) taken from test cells following the technology demonstration tests.
To the extent possible, the same tracers will be used in both the pre- and post-test tracer studies;
however, if tracer partitioning behavior is substantially altered by in situ extraction, a different

suite of tracers may be required.
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Table A-1: List of Possible Analytes

Compound Type
Trichloroethene (TCE) Contaminant
Tetrachloroethene (PCE) Contaminant
Methylene Chloride Contaminant
Carbon Tetrachloride(CT) Contaminant
cis-1,2-dichloroethene (1,2-DCE) Contaminant
1,1-dichloroethene (1,1-DCE) Contaminant
1,1-dichloroethane (1,1-DCA) Contaminant
1,2-Dichloroethane (1,2-DCA) Contaminant
1,1,1-Trichloroethane (1,1,1-TCA) Contaminant
Vinyl Chloride Contaminant
Total Petroleum Hydrocarbons Contaminant
BTEX Contaminant
Bromide Tracer
Fluorescein Tracer
Methanol Tracer
Hexanol Tracer
2,4-dimethyl-3-pentanol Tracer
Ethanol Tracer
Propanol Tracer
2,2-dimethyl-3-pentanol Tracer
n-pentanol Tracer
6-methyl-2-heptanol Tracer
2,3-dimethyl-2-butanol Tracer
methylated hexanol Tracer
methylated octanol Tracer

BTEX-benzene, toluene, ethylbenzene, and xylenes
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Table A-2: Summary of Calibration and Internal Quality Control Procedures

Analytical | Applicable Quality Control | Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8260B | Volatile Check of mass | Once per 12-hour shift Ion abundance criteria as 1) Reanalyze BFB
Organics spectral ion described in method SW8260B | 2) Adjust MS tune until analysis of
intensities using BFB passes specifications
BFB
Five-point Biannually or when daily 1) SPCC average RF>0.30 Repeat concentrations not meeting
calibration® (for | calibration verification fails (>0.25 for bromoform — acceptance criteria
all analytes) SW8240); (>0.10 for
bromoform and >0.20 for
1,1,2,2-tetrachloroethane —
SW8260)
2) RSD <30% for CCC RFs
ccver Every 12 hours, prior to sample 1) Same criteria for SPCCsas | 1) Repeat calibration verification
analysis for initial calibration 2) Ifstill out, identify and correct
2) CCC percent difference < problem
25% from average RFs 3) Reanalyze calibration verification;
calculated following initial if still out, recalibrate
calibration
Method blank One per analytical batch All analytes <QL 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Repeat initial daily blank analysis
or re-extract all global medium
level soil samples prior to analysis
4) Repurge and reanalyze all samples
processed with contaminated blank
at no cost to Surbec unless analyte
is not detected in associated
5) Flag sample results associated with
method blank contamination
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Analytical | Applicable Quality Control | Minimum Frequency Acceptance Criteria* Corrective Action"
Method Parameter Check
SW8260B LCS (prepared | 1 LCS per preparation batch or Recovery for all analytes within | 1) Reanalyze LCS
with second per 20 samples, whichever is project limits 2) Identify and correct source of
source more frequent problem
standard) 3) Ifsstill out, reextract and reanalyze
affected samples
MS and MSD; 1 MS/MSD® per every 20 project | Recovery and RPD for all 1) Reanalyze MS unless obvious
level of spike samples, or per preparation batch, | analytes within MS/MSD matrix interference or high sample
must comply whichever is more frequent concentration,; if still out:
with SW846 2) Check LCS
criteria 3) IfLCSisin, flag data as matrix
interference
Surrogate spike | Every sample, spike, standard, Recovery and RPD within 1) Recalculate resnlt; if still out:
and method blank project limits 2) Check instrument performance, if
necessary

3) Reanalyze unless obvious matrix
interference or high sample
concentration; if still out:

4) Flag results if they do not meet
criteria and document in report that
steps 1 through 3 were performed

ISand RT and | Every sample, spike, standard, 1) RT: Must be <30-second 1) Inspect mass spectroscopy or GC
responses check | and method blank change from daily CCV for malfunctions
from calibration 2) IS: Extracted ion area 2) Take appropriate corrective actions
check standard counts must be within a 3) Reanalyze samples analyzed while
factor of 2 from the daily system was malfunctioning
CCv
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
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Analytical | Applicable Quality Contrel | Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8020 Halogenated | Five-point Biannually or when calibration RSD <20% for RFs orr>0.995 | 1) Identify and repeat analysis for
Volatile calibration (for | verification fails for linear regression outlying points :
Organics & all analytes) 2) Recalculate RSD or r using valid
Volatile points
Aromatic
Organics
ICV/CCV Daily, before sample analysis, Recovery must meet criteria 1) Reanalyze ICV/CCV
after every 10 samples, and at the | specified 2) Ifstill out, identify and correct
end of each batch problem; reanalyze CCV
3) Recalibrate and reanalyze all
samples since last valid CCV
RT windows One 72-hour study performed on | Per SW846 criteria 1) Perform maintenance
calculated for each GC column and whenever a Repeat test
each analyte new column is installed
LCS 1 LCS per analytical batch or 1 Recovery within project limits | 1) Reanalyze
per 20 samples, whichever is 2) Identify and correct problem
more frequent If still out, reextract and reanalyze LCS
and affected samples
MS and MSD; 1 MS/MSD? per every 20 project | Recovery within LCS limits 1) Reanalyze MS unless obvious
level of spike samples, or 1 MS/MSD per matrix interference or high sample
must comply analytical batch (whichever is concentration; if still out:
with SW846 more frequent) 2) Check LCS
requirements IfLCS is in, flag data as matrix
interference
Surrogate spike | Every sample spike, standard and | Recovery for all surrogates 1) Recalculate result; if still out:
"{ reagent blank within project limits 2) Check instrument performance and
correct, if necessary
3) Reanalyze unless obvious matrix
interference or high sample
concentration; if still out:
Flag results and report that steps 1
through 3 were performed
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8020 Method blank One per day/instrument No analyte concentration >QL | 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Repurge and reanalyze all samples
processed with a contaminated
blank at no cost to Surbec unless
analyte is not detected in associated
sample
4) Flag sample results associated with
reagent blank contamination
Second-column 100% for all positive results | Quantitative confirmation by a | Resample and reanalyze at no cost to
confirmation, to meet | above the detection limit second GC column of Surbec, even if first column analysis
EMR! requirements except noted common dissimilar phase and retention was conducted within holding times
laboratory contaminants® characteristics within specified
(also see footnote “f) holding times
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
SW8015 Total Five-point calibration | When daily calibration RSD of average RF <20% 1) Identify and repeat analysis for
Petroleum (for all analytes) verification fails outlying points
Hydrocarbons 2) Recalculate using valid points
-Volatiles i
ICV/CCV Daily, before sample Response for all analytes within | 1) Reanalyze ICV/CCV
analysis, after every 10 + 20% of expected value 2) [Ifstill out, identify and correct
samples, and at the end of problem; reanalyze CCV
each batch for gasoline only Recalibrate and reanalyze all samples
since last valid CCV
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8015 Method blank One per analytical batch No analyte concentration >QL | 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Reextract and reanalyze all
samples processed with a
contaminated blank at no cost to
Surbec unless analyte is not
detected in associated samples
Flag sample results associated with
reagent blank contamination
LCS 1 LCS per analytical batch Recovery for all analytes within { 1) Reanalyze LCS
or 1 per 20 samples, project limits 2) Identify and correct problem
whichever is more frequent 3) Ifstill out, reextract and reanalyze
affected samples
MS and MSD; level 1 MS/MSD® per every 20 Recovery and RPD for all 1) Reanalyze MS unless obvious
of spike must comply | project samples, or 1 analytes within MS/MSD matrix interference or high sample
with SW846 criteria | MS/MSD per preparation concentration; if still out:
batch, whichever is more 2) Check LCS
frequent IfL.CS is in, flag data as matrix
interference
Surrogate spike Every sample, spike, Recovery for all surrogates 1) Recalculate result; if still out:
standard, and reagent blank | within project limits 2) Check instrument performance,
- take corrective action, if necessary
3) Reanalyze unless obvious matrix
interference or high sample
concentration,; if still out:
Flag results and document in report that
steps 1 through 3 were performed
Second-column For all detectable BTEX Confirmation by a second GC Resample and reanalyze at no cost to
confirmation, to meet | results in the absence of a column of dissimilar phase and | Surbec, even if first column analysis
EMR! requirements gasoline pattern retention characteristics within | was conducted within holding times
specified holding times is
required
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8015 MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
160.1 Total 2-point balance Daily +1.99 mg for 200 mg +19.9 mg | 1) Recalibrate
Dissolved calibration for 100 g 2) [Ifsstill out, repair balance and
Solids recalibrate
Method blank 1 per 20 samples analyzed <QL
LCS 1 LCS per preparation batch | Recovery within project limits 1) Reanalyze LCS
or per 20 samples, 2) Identify and correct problem
whichever is more frequent 3) Ifstill out, reprepare and reanalyze
affected samples
Laboratory duplicate | 1 per preparation batch or RPD within project limits Report and describe
per 20 samples, whichever
is more frequent
310.0 Alkalinity Titrant After preparation and RPD <20% 1) Repeat standardization
standardization monthly 2) Prepare new titrant
LCS 1 per 10 samples Recovery within project limits | 1) Identify and correct problem
2) Reanalyze LCS
3) Ifstill out, and reanalyze affected
samples
MS/MSD 1 per 10 samples Recovery and RPD within 1) Reanalyze MS; if still out:
project limits 2) Check LCS recoveries
3) IfLCS recoveries are in, flag data
as matrix interference
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project sample
analysis
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
ASTM Particle size Laboratory duplicate | 1 per preparation batch or RPD <20% 1) If out, repeat measurement
D422 per 20 sample, whichever is 2) Ifstill out, flag data
(modified) more frequent
Swsg46’ Moisture Laboratory duplicate | 1 per preparation batch or RPD <15% 1) [If out, repeat measurement
per 20 sample, whichever is 2) Ifstill out, flag data
more frequent
SW9045C | pH Laboratory duplicate | Minimum 10% Field + 0.1 pH unit 1) If out, repeat measurement
samples 2) Ifstill out, flag data
Calibration check 1 per 10 samples analyzed + 0.05 pH unit Check with new buffers; if still out,
using buffer solution repair meter
405.1 Biochemical | Laboratory duplicate | 1 per 10 samples analyzed RPD <20% 1) If out, repeat measurement
Oxygen 2) Ifstill out, flag data
Demand

* All corrective actions associated with this project work shall be documented and the records maintained by the laboratory, as specified in the EMR Handbook.

® MSD must be included if such a specific regulatory agency requirement exists for a project.

¢ Test methods for evaluating solid waste, U.S. EPA, January 1995.

¢ EMR Handbook, 1992

¢ Methylene chloride, acetone, and 2-butanone are considered to be common laboratory contaminants. Therefore, second-column confirmation is not required
for the sole purpose of confirming the presence of any of these three analytes.

f For quarterly sampling, second column confirmation is not required if all detected compounds were confirmed at least once in the previous two quarters.

# SPCC =System Performance Check Compounds:1,1-dichloroethene, chloromethane, bromoform, chlorobenzene, 1,1,2,2-tetrachloroethane. CCC= Calibration
Check Compounds: 1,1-dichloroethene, 1,2-dichloropropane, chloroform, ethylbenzene, toluene, and vinyl chloride.

" Only the CCCs/SPCCs are monitored in the CCV.

' Described in Method SW3550.

J No method specifications; limits to be used until data are available.

BFB = Bromofluorobenzene GFAA = Graphite furnace atomic absorption T = Correlation coefficient
BTEX = Benzene, toluene, ethylbenzene, ICV = Initial calibration verification RF = Response factor
and xylene IS = Internal standard RPD = Relative Percent Difference
CCC = Calibration check compounds LCS = Laboratory control sample RSD = Relative standard deviation
CCV = Continuing calibration verification MDL = Method detection limit RT = Retention time
CF = Calibration factor MS = Matrix spike SPCC = System performance check
EMR = Environmental Management MSA = Method of standard addition compounds
Restoration Division MSD = Matrix spike duplicate
GC = Gas chromatograph QL = Quantitation limit *Criteria is listed in Table A.3
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Table A-3:

Summary of On-site and Off-site Analytical Procedures*

ITEM Sample Type Analytical Method # Method Title Ref

vOoC Soil SW8260B Volatile Organic Compounds by 4
GC/MS: Capillary Column Technique

VOC (pre and post | Ground water SW8260B Volatile Organic Compounds by 4

test GW and GC/MS: Capillary Column Technique

discharge water)

VOC (verification Ground water SW 8260B Volatile Organic Compounds by 4

of field results at (Modified to Account | GC/MS: Capillary Column Technique

CEPA approved for Surfactants)

Lab)

VOC (UO analysis) | Ground water Modified SW8015 GC with FID 5

VOC (onsite) Ground water Modified SW8015 GC with PID and Hall Detector 5

Surfactant Ground water See Section 8.5.1.1 HPLC 6,7

Organic tracers Ground water Modified SW 8015 GC with FID S

Foc Soil Walkley-Black Walkley- Black Method 8

Moisture Content Soil ASTM D2216 Laboratory Determination of Water 3
(Moisture) Content of Soil, Rock, and
Soil-Aggregate Mixtures

Specific Gravity Soil ASTM D854 Test Method for Specific Gravity of 3
Soils

Bulk density Soil ASTM D2937 Test Method for Density of Soil in 3
Place by the Drive-Cylinder Method

Sieve analysis Soil ASTM D422-63 Method for Particle Size Analysis of 3
Soils

Cl- Ground water SW 3253 Inorganics, Non-metallics 1

SO4- Ground water SW 3754 Inorganics, Non-metallics 1

NO3- Ground water SW 3533 Inorganics, Non-metallics 1

Ca2+ Ground water SW 215.1 Metals (Total and Dissolved) AAS, 1
Direct Aspiration

Ca 2+ Soil SW 7140 Atomic Absorption, (AA) 2

Mg 2+ Ground water SW 242.1 Metals (Total, Dissolved, Atomic 1
Absorption)

Mg 2+ Soil SW 7450 Atomic Absorption 2

Na+ Ground water SW273.1 Metals (Total, Dissolved, Atomic 1
Absorption)

Na+ Soil SW7770 Atomic Absorption 2

BOD Ground water SW 405.1 Organics 1

Total Suspended Ground water SW 160.2 Physical Properties 1

Solids

TDS Ground water SW 160.1 Physical Properties 1

PH Ground water SW 150.1 Physical Properties 1

Alkalinity Ground water SW 310.1 Inorganics, Non-Metallics 1

BTEX Ground water SW 8020 Aromatic Volatile Organics 1

BTEX Soil SW 8020 Aromatic Volatile Organics 1

* A copy of the procedure documentation will be maintained at the on-site laboratory.
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Reference:

L.

Methods for the Chemical Analysis of Water and Wastes. EPA-600/4-79-020. Revised March 1983.
Environmental Monitoring Systems Laboratory. Cincinnati, Ohio, and Subsequent EPA-600/4 Technical
Additions.

Testing Methods for Evaluating Solid Waste, Volumes IA-IC: Laboratory Manual, Physical/Chemical Methods

and Volume II: Field Manual, Physical/Chemical Methods. SW-846. 3™ Edition. U.S. EPA Office of Solid
Waste. Document Control No. 955-001-00000-1.

Annual Book of ASTM Standards. American Society of Testing and Materials, 1994.

Federal Register Part VII 40 CFR Part 136, Oct. 26, 1984.

Compilation of EPA’s Sampling and Analysis Methods. 2™ Edition. Lewis Publishers, 1996.

Surfactant Remediation Field Demonstration Using a Vertical Circulation Well. Knox, R.C., Sabatini, D.A.,
Harwell, J.H., Brown, R. E., West, C.C., Blaha, F., Griffin, C. Groundwater, Vol. 35, No.6, Nov-Dec 1997.

Evaluation of Ethoxylated Alkylsulfate Surfactants for use in Subsurface Remediation. Rouse, J.D., Sabatini,

‘D.A., Brown, R.E., Harwell, J.H. Water Environment Research, Vol. 68, No. 2, Mar-Apr 1996.

Part 2. Chemical and Microbiological Properties. In Method of Soil Analysis. American Society of Agronomy,
Inc., Madison, WI. 1965. pp 1372-1376.
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Table A-4: Quality Control Acceptance Criteria for General Chemistry and Miscellaneous Methods

Method Analyte Water Soil
LCS MS MS/ FD LCS MS MS/ FD
% Rec % Rec MSD RPD % Rec % Rec MSD RPD
RPD RPD
SW8015A | Benzene 62-128 | 62-128° | <33 <30 62-128 | 62-128° | <33 <50
Toluene 62-129 | 61-137 | <32 <30 62-129 | 61-129° | <32 <30
Ethylbenzene 67-137 | 67-137° | <31 <30 [ 67-137 | 67-137° | <31 <30
Total xylenes 64-136 | 64-136° | <30 <30 64-136 | 64-136° | <29 <30
* No method specifications available.
® LCS criteria will be used to identify matrix effects.
Method Analyte Water Soil (low) Soil (medium)
LCS MS MS/ FD LCS MS MS/ FD LCS MS MS/ FD
%Rec | % Rec® | MSD RPD | %Rec | %Rec® | MSD RPD % Rec %Rec’ | MSD | RPD
RPD RPD RPD
SW8020A | Benzene® 60-134 | 47-139 [ <22 <30 60-134° | 21-188 | <9 <50 33-134" | 33-134® | <27 <50
Toluene® 66-133 | 51-136 | <22 <30 66-131 | 30-172 | <9 <50 66-133 66-133% | <9 <50
Ethylbenzene® 66-138 | 55-138 | <18 <30 66-138 | 36-158 | <30 <50 66-138 66-138 | <30 <50
Total xylenes® 63-141 | 63-141% | <20 <30 63-131 | 66-138 | <8 <50 63-141 63-141% | <8 <50
° Based on historical MS/MSD data or historical LCS data.
¢ Must be included in matrix spikes.
¢ Water sample L.CS limits used until soil limits are available.
" SW8010B limits.
& LCS criteria will be used to identify matrix effects.
Method Analyte Water" Soil (low)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | % Rec' | MSD | RPD | %Rec % Rec MSD | RPD
RPD RPD
SW38260B | Benzene' 75-132 | 75-132 | <10 <30 67-141 | 60-141 | <18 <50
1,1-Dichloroethane’ 59-139 | 59-139 | <23 <30 62-134 | 62-134' | <16 <50
1,2-Dichloroethane’ 58-144 | 58-144 | <26 <30 64-136 | 64-136' | <20 <50
A-38
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Method Analyte Water” Soil (low)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | %Rec' | MSD | RPD | %Rec | %Rec | MSD | RPD
RPD RPD

SW8260B | 1,1-Dichloroethene™ 51-145 | 51-145 | <26 <30 62-118 | 31-169 | <31 <50

(cont'd) cis-1,2-Dichloroethene’ | 50-150 { 50-150 <30 <30 50-150 | 50-150' | <50 <50
Tetrachloroethene’ 68-148 | 68-148 | <11 <30 66-127 | 66-127' | <14 <50
Toluene™ 77-125 177-125 | <12 <30 72-131 | 58-131 | <24 <50
1,1,1-Trichloroethane’ 57-145 | 57-145 | <27 <30 56-144 | 56-144' | <26 <50
Trichloroethene™ 75-120 | 75-120 [ <11 <30 71-149 [ 50-149 [ <26 <50
Vinyl chloride’ 37-146 | 37-146 | <35 <38 41-110 | 41-137 | <38 <50
BFB 84-115 | 84-119 [ NA NA 65-123 | 65-123' | NA NA

"5 ml purge volume.

' LCS limits will be used to identify matrix effects.

7" Minimum subset of analytes to be included in LCS.

k' Minimum subset of analytes to be included in MS/MSD.

! No performance based specifications; limits to be used until data are available.

Method Analyte Water™ Soil (medium)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | %Rec” | MSD | RPD | %Rec | %Rec" | MSD | RPD
RPD RPD

SW8260B | Benzene® 71-133 | 71-133 | <14 <30 78-131 | 78-131 | <6 <50
1,1-Dichloroethane® 65-131 65-131 <19 <30 62-149 | 62-149 | <8 <50
1,2-Dichloroethane® 68-138 | 68-138 | <12 <30 75-127 [ 75-127 [ <5 <50
1,1-Dichloroethene™® 51-133 | 51-133 | <23 <30 61-122 | 61-122 | <11 <50
cis-1,2-Dichloroethene® | 66-144 | 66-144 | <I8 <30 54-126 | 54-126 | <24 <50
Tetrachloroethene’ 62-125 | 62-125 | <i8 <30 68-147 | 68-147 | <8 <50
Toluene®? 81-121 | 80-121 | <14 <30 78-183 | 89-183 | <12 <50
1,1,1-Trichloroethane® | 58-144 | 58-144 | <21 <30 54-161 | 54-161 | <7 <50
Trichloroethene®? 73-121 [ 73-121 | <13 <30 69-122 | 81-122 | <7 <50
Vinyl chloride® 14-161 | 27-161 | <20 <30 52-127 | 52-127 | <14 <50
BFB 84-113 | 84-113 | NA NA 65-123 | 65-123 [ NA NA
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™ 15 or 25 ml purge volume.

" LCS limits will be used to identify matrix effects.

° Minimum subset of analytes to be included in LCS.

P Minimum subset of analytes to be included in MS/MSD.

Method Analyte Water Soil
LCS MS MS/ RF LCS MS MS/ FD
% Rec % Rec MSD | RPD | %Rec % Rec MSD | RPD
RPD RPD
TOC-Walkley Black NA NA NA NA 76-110 | 38-142 | <29 <50
E160.1 Total Dissolved Solids | 80-120 | 75-125 | <20 <30 NA NA NA NA
E300.0 Anions 83-115% | 66-133% | <18 <30 75-125 | 75-125" | NA <30
E310.1 Alkalinity 95-109 | 85-115° | <20 <30 NA NA NA NA
E353' Nitrate/Nitrite 85-115 | 85-115" | <20 <30 85-115 | 85-115" | <30 <50
E405.1 Biochemical Oxygen NA NA <20 <20 NA NA NA NA
Demand
SW6010A | Calcium 80-125 | 59-125 | <30 <30 75-125 | 34-128 | <52 <100
Magnesium 80-120 | 66-120 | <30 <30 75-125 | 48-125 | <46 <50

1 Range of all analytes.

" LCS limits will be used to identify matrix effects.

No method specifications; limits to be used until data are available,
Precision evaluated by duplicate sample analysis.

s

t

FD = Field duplicate

LCS = Laboratory control sample
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Rec = Recovery

RF = Response Factor

RPD = Relative percent difference
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To complete a problem-free, injury-free and accident-free demonstration, Surbec will conduct all
aspects of this Work Plan according to the Health and Safety Plan (HASP) presented in this
section. This document is subtier to Surbec’s corporate Health and Safety Plan. All HASP
information will be subtier to 29 CFR and CCR Title 8; and 40 CFR and CCR Title 22. Surbec
will bear the ultimate responsibility for implementing and adhering to all safety measures. All
Surbec subcontractors are required to comply with this HASP.

1.1 Objectives
The objectives of the HASP are as follows:

Assess potential site hazards before work

Ensure that all personnel are aware of potential hazards
Minimize or mitigate potential hazards

Provide a means to protect personnel and report incidents
Complete demonstration with zero reportable incidents

1.2 Health and Safety Organization and Key Personnel

Jeff Brammer will cordinate Site Health and Safety with all subcontractors. All subcontractors will be
instructed with respect to site-specific health and safety issues and will be required to meet the criteria

included in this document.

Surbec Project Manager Mark Hasegawa 405-364-9726/405-640-9503
Surbec Site Health and Safety Officer Jeff Brammer 405-826-2880
Surbec UO Health and Safety Officer Bin Wu
TtEMI Site Health and Safety Officer Rafeal Lago 512-222-8258
TtEMI Navy Clean Program Health and
Safety Officer Conrad Sherman

1.3 Hazard Assessment

Several potential hazards may be encountered during the course of the demonstration. These
hazards are inherent to the scope of work and system operation described in this Work Plan. The
identified potential hazards presented here are not intended as a complete list. We have a duty to
recognize additional potential hazards throughout all phases of fieldwork. We have identified
the following potential hazards.

1.3.1 Chemical Hazards
The evaluation of chemical hazards is based upon the knowledge of site background and

anticipated risks posed by SESR. The chemical hazards associated with on site remediation
activities include groundwater with VOCs, alcohols (2% to 50%), and surfactant (2% to 6%),
which is to be used for enhanced solubilization. These chemicals will be handled using Level D
personal protective equipment (refer to Section 1.4.1). The following paragraphs describe
potential chemical hazards associated with SESR and the necessary precautions to be taken.

Liquid or Vapor Waste VOCs: The process liquid stream will contain VOCs. Site activities
will involve sampling the feed and effluent streams for analysis. Major contaminants of concern
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include: trichloroethene (TCE), tetrachloroethene (PCE), 1,2-dichloroethene (1,2-DCE), 1,1-
dichloroethene (1,1-DCE), vinyl chloride, 1,1,1-trichloroethane (TCA), 1,2-dichloroethane (1,2-
DCA), chloroethane, benzene, ethylbenzene, toluene, and xylenes. It is possible that other VOCs
may exist in concentrations exceeding permissible exposure limits at certain pumping/sampling
intervals. For this reason, safety precautions and procedures will be established by this HASP at
a level of protection to guard against the possibility of exposure from such an occurrence.
Workers will use appropriate personal protective equipment (PPE) when handling sample
preservatives. Exposure to VOCs should be extremely low due to the slow rate of vaporization
from the aqueous solution, short sampling time intervals during which vapors may escape, and
the fact that the SESR treatment system will be outdoors where ventilation will significantly
reduce exposure levels. Nonetheless, the safety precautions described in this HASP must be
followed to prevent unnecessary exposure to contaminants.

Personnel may come in contact with groundwater or vapor contaminants at any time during the
sampling, operation, and maintenance of the system. Precautions to prevent exposure to harmful
levels of chemicals will include the usage of PPE. An organic vapor monitor (OVM) will be
used during operations to record chemical vapor concentrations. Air-purifying respirators will
be worn accordingly.

Only the Site Health and Safety Officer has the authority to downgrade or upgrade PPE. During
operation of the system, personnel will follow these precautions:

» Avoid unnecessary contact with the contaminated groundwater or vapor.

» Wear appropriate PPE, such as inner and outer chemical resistant gloves, boots, apron,
coveralls, splash goggles, or shield and air-purifying respirator with organic vapor/acid
gas (OVA) filter cartridges, as required by this plan, when contact with liquid wastes can
occur.

« Periodically check system integrity to prevent leaks or spills.

« Use an OVM at all times during sampling sessions to measure chemical vapor
concentrations.

Methanol, Ethanol, Propanel, 2,2-Dimethyl-3-Pentanol, and Hexanol. One or all of these
alcohols may be delivered to the site. Methanol will be used for contaminant extraction from
soils in the field and laboratory. One of these alcohols may also be selected as a cosolvent for
enhanced contaminant removal or as partitioning tracers. :

Denatured alcohol may be fatal or cause blindness if swallowed in quantity. Other symptoms of
exposure include headache, dizziness, nausea, and narcosis. Prolonged contact causes irritation
to the skin and eyes. If contact with skin occurs, wash thoroughly with soap and water. If
contact with eyes occurs, flush thoroughly with water for at least 15 minutes. If inhalation
occurs, remove to fresh air. If accidental ingestion occurs, drink water and induce vomiting
Denatured alcohol is flammable and should be kept away from heat and flames.

The following safety precautions are to be taken when one or more of these alcohols is being
used:
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1. Always wear chemical-resistant protective clothing, rubber gloves, goggles, and a
face shield when working with alcohols. Contact lenses should not be worn when
working with these chemicals. If vapor concentrations exceed the ceiling limit, Level
C PPE will be worn.

2. Store alcohols away from heat, sparks, or direct flame. Label tanks:
POISON
DANGER
FLAMMABLE

3. When adding any of these alcohols to feed tanks or reservoirs, make sure the area is
properly ventilated to prevent inhalation of vapors. Pour slowly to prevent agitation
and splashing.

Test Kit Chemicals. Appropriate Level D PPE will be used when handling any test kit
chemicals. Level D PPE will include eye protection, a laboratory coat, and chemical-resistant
gloves. Care will be taken while handling acidic and basic chemicals; sodium bicarbonate will
be available in the field as a neutralizing agent for use in the event of a splash or a spill. An
eyewash and shower station will be available in the field laboratory.

Sample Preservatives. Hydrochloric acid (HCI) or sulfuric acid (HpSO4) will be used as
chemical preservatives for water sample preservation. Both are strong acids and should be
handled with care. These acids will be supplied in 1-liter bottles and will be stored in the
demonstration laboratory trailer. Refer to the appropriate Material Safety Data Sheet (MSDS)
for handling precautions and first aid response. Store acids in a dry place and prevent contact
with moisture, bases, metals, and oxidizers. Acids will be labeled by the chemical supplier.
Storage cabinets containing acids should be labeled as follows:

POISON
DANGER
CORROSIVE
Surfactants. Surfactants will be used for subsurface flushing activities. The surfactant will not

be selected until the laboratory screening process is complete. MSDS data for several candidate
surfactants are in Appendix F. The selected surfactant will be nontoxic and have Food and Drug

Administration (FDA) food-grade or food-contact status.

1.3.1.1 First Aid
In the event of contact with the contaminants of concern listed above, emergency response

personnel should be contacted immediately. Emergency response personnel should follow the
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first aid procedures as outlined in the attached MSDSs (refer to Appendix F). For additional
information, refer to the Surbec Health and Safety Plan.

1.3.2 Physical Hazards

Physical hazards are inherently present during project field activities. Common physical hazards
include mechanical hazards, noise exposure associated with mechanical equipment use, slip-trip-
fall hazards associated with the field environment, hazards associated with weather conditions,
musculoskeletal injury resulting from lifting tasks, nuisance dusts associated with soil
disturbance, fire and explosion hazards due to the refinery process chemicals, and explosion or
electrical hazards from the contaminants present or underground pipes or lines that may be
encountered during drilling and sampling activities. The typical physical hazards anticipated to
be present on the site and the methods for preventing injury due to these hazards are described
below.

1.3.2.1 Drill Rig Hazards, Overhead Hazards, and Heavy Equipment

Drill rig operations present a hydraulic system hazard; therefore, only personnel trained in drill
rig use should be near the drill rig during operation. There will always be a minimum of two
personnel present during drilling operations: one operator and one driller’s helper. If the drill rig
is operated on a sloped surface the "drill head" of the truck shall be positioned upgrade. The
driller is responsible for inspecting the drill rig daily for safety purposes.

In addition to the drill rig, some heavy equipment may be necessary to install and remove the
treatment system. Caution shall be used when working around heavy equipment because of
obstructed views, loud noise, and other impediments. The operation of heavy equipment shall
comply with 29 CFR 1926 and CCR Title 8, Construction Safety Orders. Every operator will be
trained properly in the operation and maintenance of equipment. The equipment operators are
responsible for daily verification that the equipment is safe to use. Proper safety practice will be
observed near heavy equipment.

1.3.2.2 Noise

A noise hazard is presented from drilling equipment, airplanes, or other field activities. Hearing
protection must be provided when noise levels are identified as exceeding 85 decibels (that is,
whenever normal conversational speech cannot be heard) over an 8-hour period. Ear plugs
and/or muffs will be worn at all times when personnel are within 25 feet of the drill rig. Hearing
protection will also be worn in the vicinity of generators or any other equipment emitting loud
noise. If hearing protection upgrades are deemed necessary by the site safety officer (SSO), they
will be provided to personnel working in the noise hazard area. Refer to 29 CFR 1910.95 for

additional information on noise exposure.

1.3.2.3 Slip-Trip-Fall Hazards

Slip-trip-fall hazards are common at most sites. While it is difficult to eliminate all slip-trip-fall
hazards, risk of injury will be minimized by implementing safe work practices, utilizing proper
foot wear, keeping the work area free from obstructions, and practicing good housekeeping.
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In addition, the process piping for the extraction wells will connect to system components with
aboveground piping. Well heads, piping, or other obstacles that may present tripping hazards
will be marked conspicuously upon completion.

1.3.2.4 Lifting Hazards

Field operations often require the performance of laborious tasks. All employees must
implement proper lifting procedures, such as keeping the load close to the body and using leg
muscles instead of back muscles to perform lifting tasks. Additionally, employees shall not
attempt to lift large, heavy, or awkwardly shaped objects without assistance.

1.3.2.5 Heat Stress

Care must be taken in order to avoid workers being overcome by heat stress due to the
anticipated weather conditions and the added stress of the protective gear. All project tasks will
be altered during times in which conditions significantly pose the threat for workers being
exposed to heat stress.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
ambient air temperatures; breaks may be mandated by the SSO. Shade, cool water, and
electrolyte solution will be provided at the site. Workers will be observed for potential problems
prior to resuming work after breaks.

Monitoring Workers for Heat Stress. For workers wearing permeable clothing, follow
recommendations for monitoring requirements and suggested work/rest schedules in the current
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values
for Heat Stress. For workers wearing semipermeable or impermeable clothing, the ACGIH
standard cannot be used. For those situations, workers should be monitored when the
temperature in the work area is above 90°F (32 C). Monitor the following criteria:

+ Heart rate. Count the radial pulse during a 30-second period as early as possible in the
rest period. If the heart rate exceeds 100 beats per minute at the beginning of the rest
period, shorten the next work cycle by one-third and keep the rest period the same. If the
heart rate still exceeds 100 beats per minute at the next rest period, shorten the following
work cycle by one-third.

+ Oral temperature. Use a clinical thermometer (3 minutes under the tongue) or similar
device to measure the oral temperature at the end of the work period (before drinking). If
the oral temperature exceeds 99.6°F (37.6°'C), shorten the next work cycle by one-thlrd
without changing the rest period. If the oral temperature still exceeds 99.6'F (37.6°C) at
the beginning of the next rest period, shorten the following work cycle by one-third. Do
not permit a worker to wear a semxpermeable or impermeable garment when his/her oral
temperature exceeds 100.6°F (38.1°C).

+ Body water loss, if possible. Measure body weight on a scale accurate to + 0.25 pounds
at the beginning and end of each day to see if enough fluids are being taken to prevent
dehydration. Weights should be taken while the employee is in minimal clothing. Body
water loss should not exceed 1.5 percent of the total body weight in any given workday.
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Initially, the frequency of physiological monitoring depends on the air temperature adjusted for
solar radiation and the level of physical work. The length of the work cycle will be governed by

the frequency of the required physiological monitoring.

physiological monitoring for fit and acclimated workers is as follows.

(30.8-32.2°C)

of work

Adjusted Normal Work Impermeable
Temperature1 Ensemble Ensemble
90°F (32.2°C) or | After each 45 minutes | After each 15 minutes
Above of work of work
87.5-90°F After each 60 minutes | After each 30 minutes

of work

82.5-87.5°F
(28.1-30.8°C)

After each 90 minutes
of work

After each 60 minutes
of work

77.5-82.5°F
(25.3-28.1°C)

After each 120
minutes of work

After each 90 minutes
of work

72.5-77.5°F
(22.5-25.3°C)

After each 150
minutes of work

After each 120
minutes of work

The suggested frequency of

Calculate the adjusted air temperature (tadj) by using the following equation: tag; ( F)=t(F)

+ [13 x (% sunshine)].

Measure air temperature (t) with a standard mercury-in-glass

thermometer, with the bulb shielded from radiant heat. Estimate % sunshine by judging the
fraction of time the sun is not covered by clouds thick enough to produce a shadow (100%

sunshine - no cloud cover and a sharp, distinct shadow; 0% sunshine - no shadows).

Heat Stress Symptoms.

Work activities in hot environments can result in heat rash, heat

cramps, heat exhaustion, or even heat stroke. Heat rash may result from continuous exposure to

hot or humid air.
replacement.

abdomen.

Heat cramps are caused by heavy sweating with inadequate electrolyte
Signs and symptoms include muscle spasms and pain in the feet, hands, and

Heat exhaustion occurs from increased stress on various body organs including inadequate blood

circulation due to cardiovascular insufficiency or dehydration. Signs and symptoms include:

Pale, cool, moist skin
Heavy sweating
Dizziness

Nausea

Fainting
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Heat stroke is the most serious form of heat stress. Temperature regulation fails and the body
temperature rises to critical levels. Immediate action must be taken to cool the body before
serious injury and death occur. IMMEDIATE MEDICAL ATTENTION IS REQUIRED. Signs

and symptoms are:

Red, hot usually dry skin

Lack of or reduced perspiration
Nausea

Dizziness and confusion
Strong, rapid pulse

Coma

[ ] L L ] [ ] L] *

1.3.2.6 Cold Stress

Preventive measures will be implemented during extreme cold conditions in order to prevent
cold injury. Work will be altered in order to reflect these concerns during times in which
conditions pose a significant threat for workers being exposed to cold stress. Workers
unaccustomed to working under thermal stresses will be allowed to become acclimated.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
atmospheric conditions. A warm, protected break area will be provided. Consideration will be
given to working in the warmer times of day (during sunshine conditions). Workers will be
instructed to wear adequate layered clothing underneath personal protective clothing. Drinking
water and electrolyte solution will be provided at site. Workers should self-monitor for signs and
symptoms of cold stress. Special attention shall be placed on signs or symptoms of numbness in
outer limbs and pale skin. Workers must report to the Site Safety Officer at the first sign of
altered feeling of the skin so that warming measures can be taken.

Of special note for cold stress on the site is the wearing of Tyvek suits. Disposable clothing does
not breathe; therefore, perspiration is not provided with the means of evaporation. During
strenuous physical activity, clothes can become wet. Wet clothes combined with cold
temperatures can lead to hypothermia. If the air temperature is less than 40 F and site personnel
become wet, the person must change into dry clothes. The heated break area or a personal
vehicle may be utilized as a change area.

Cold Stress Symptoms. If adequate clothing is not provided and time spent in cold areas is not
reduced, work activities in cold environments can result in frostbite or hypothermia.

Frostbite is an injury resulting from exposure to cold. The extremities of the body (fingers and
toes) are most often affected. SEEK MEDICAL ATTENTION IMMEDIATELY. The signs of

frost bite are:

1. Skin turns white or grayish-yellow.
2. Pain is sometimes felt early, but subsides later. Often there is no pain.

3. The affected part feels intensely cold and numb.
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Hypothermia is characterized by shivering, numbness, drowsiness, muscular weakness and a low
internal body temperature when the body feels warm externally. Hypothermia can lead to
unconsciousness and death. SEEK MEDICAL ATTENTION IMMEDIATELY.

1.3.2.7 Weather

During storms, rain may cause slippery surfaces. Lightning may also accompany storms creating
an electrocution hazard during outdoor operations. To eliminate this hazard, weather conditions
will be monitored and work suspended during electrical storms.

1.3.2.8 Underground Utilities
Facility civil engineering personnel will receive adequate notice to clear underground utilities
before field personnel proceed with digging or drilling operations.

The estimated location of utility installations, such as sewer, telephone, fuel, electric, water lines,
or any other underground installations, that reasonably may be expected to be encountered
during the drilling investigation, shall be determined prior to beginning work at the site. The
Alameda Point field team will issue a digging permit that contains provisions for utility marking
and clearance. The approximate location of the underground installations shall be defined as a
strip of land 2 feet on either side of underground installations.

1.3.2.9 Overhead Electrical Power Lines

Overhead power lines pose a danger of shock or electrocution if the power line is contacted or
severed during site operations. Prior to conducting work in areas where overhead lines could be
affected, the field team will notify the appropriate utility contact personnel. Information will be
obtained regarding the line voltage and minimum separation distance required for work in the
area. Crews will avoid overhead utilities by respecting advisable clearances during all field
activities. Site 5 does not have overhead lines near the proposed study area.

1.3.2.10 Contact with Electricity

If mechanical equipment makes contact with electrical wires, it may or may not be insulated
from the ground by the tires of the equipment. Under either circumstance, if the human body
simultaneously comes in contact with the equipment and the ground, electrocution can result,
causing death or serious injury. If the equipment makes contact with overhead or underground
electrical lines, the following procedures shall be followed:

1. Personnel should not move or touch any part, particularly a metallic part, of the
equipment. Anyone in the cab of the equipment should stay seated and not move, under
most circumstances.

2. If it is determined that the equipment should be vacated, all personnel must jump clear
and as far as possible from the equipment. Personnel must not step off -- but must jump
off. Personnel should not hang on to any part of the equipment when jumping clear.

3. Personnel on the ground should stay away from the equipment; do not allow others to get
near the truck or rig. Immediately assistance should be sought from local emergency

personnel.
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4. When an individual is injured and in contact with the equipment or with power lines,
rescue should be attempted with extreme caution. If a rescue is attempted, a long, dry,
unpainted piece of wood or a long, dry, clean rope should be used. Personnel should
keep as far away from the victim as possible and not touch the victim until the victim is
completely clear of the equipment or electrical lines.

1.3.2.11 Fall Protection

During the demonstration, minimal overhead work will be performed. If a ladder or other
method of raising a worker above the ground becomes necessary, the situation will be assessed
for use of proper safety equipment. If work is conducted at a height greater than 4 feet, a fall
protection plan will be implemented.

1.3.2.12 Machinery/Mechanized Equipment
System operators will inspect the remediation equipment and maintain it for proper performance.
They will perform maintenance on mechanized equipment only after proper lockout procedures.

1.4 Engineering Controls
To minimize the risk of accident or injury related to the potential hazards identified in Section
1.3, the following engineering controls will be implemented.

1.4.1 Personal Protective Equipment (PPE)

All personnel working on site will use a minimum of Level D protection. “Modified Level D”
protection may be required when working with or around hazardous chemicals. “Modified Level
D” protection includes Tyvek coveralls, chemical-resistant steel-toed boots, chemical-resistant
gloves, and safety glasses. Workers will wear hard hats when working around all operating
equipment and when overhead objects present a hazard.

PPE will be upgraded to Level C or C-modified upon notification of high airborne contaminant
levels measured through site monitoring. Level C will include the use of a cartridge-equipped
(MT/NIOSH-approved, MSA full-face respirator with MSA GM-H cartridge or equivalent) air-
purifying respirator; chemical resistant apron (or Tyvek coveralls, depending on the specific
activity); chemical-resistant gloves; splash goggles; hard hat (as necessary); and boots/shoes
(leather or chemical resistant, steel-toe and shank).

1.4.2 Access Restriction
Temporary fencing or caution banners with signs will surround the test site, to block access by

unauthorized personnel.

1.4.2.1 Description of Exclusion Zone
An exclusion zone will be established around the active work area for all tasks. Caution banners

or safety fencing shall be used to delineate the exclusion zone during the demonstration unless
the safety and health of non-project personnel can be assured.

1.4.2.2 Description of Decontamination Zone
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A decontamination zone will be established adjacent to or near the exclusion zone. A
decontamination “pad” will be constructed with visqueen and small berms for decontamination
of drilling equipment (for example, augers, samplers).

1.4.2.3 Description of Procedures for Entering Exclusion and Decontamination Zones

All personnel must have received required training as specified in 29 CFR Part 1910, and
undergo a daily briefing prior to their entering into the exclusion zone or decontamination zone.
All personnel must be wearing the level of PPE as specified in the HASP prior to entering the
exclusion zone or decontamination zone.

All smoking or other activities which may cause indirect ingestion of contaminants (that is,
eating, drinking, or use of tobacco) will not be allowed inside of or within 100 feet of the
exclusion zone or decontamination zone.

1.4.2.4 Description of Procedures for Exiting Exclusion Zone (Decontamination)

All exits from the exclusion zone must be made through the decontamination zone. Personnel
will perform decontamination as outlined below.

Decontamination Procedure. Personnel will perform decontamination prior to removing PPE.
Personnel who have not had direct contact with contaminated or potentially contaminated
equipment, wastewater, or media will remove PPE and place disposable garments in a double-
lined plastic garbage bag. All PPE will be temporarily stored in double-lined plastic garbage
bags. Before disposal, all PPE will be made unfit for reuse (for example, arms and legs will be
removed from Tyvek suits). When bags are full, the vapor in these bags will be monitored for
contamination with field meters. In the absence of measurable contamination, the bags will be
disposed of as solid waste in a waste receptacle on base. If contamination is measured above
background (ambient air) levels, the PPE waste will be containerized and transferred as directed
by the base for disposal. The SSO is responsible for monitoring decontamination procedures and
determining their effectiveness. Potable water will be available on site for decontamination
procedures. Personnel who have had contact with potentially contaminated equipment or media
will perform the following process as necessary:

« Wash and remove exposed garments
. Rinse exposed equipment with Alconox and potable water
« Place disposable garments in double-lined garbage bag

All personnel must have an extra set of clothing on site in the event that their clothing becomes
contaminated.

Respirators, if used, will be cleaned, air-dried, and placed in sealed plastic bags. Cartridges will
be discarded after use. The decontamination water will be collected for disposal with the
remaining liquid waste. Decontamination water and Alconox solution will be collected

separately.

1.4.3 Electrical and Mechanical Lockouts
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Electrical and/or mechanical lockouts will occur anytime during field activities if the need to
repair or maintain the remediation equipment arises. Lockouts will include disabling the
equipment by interrupting the power source and locking and tagging all movable or hazardous
parts and power sources. Refer to the Surbec Health and Safety Plan for additional information
on lockout/tagout procedures.

1.5 Safety Training

1.5.1 Personnel Training

The Superfund Amendments and Reauthorization Act (SARA) passed into law in 1986 requires
that employers provide training for employees that are engaged in hazardous materials operations
and site cleanups. 29 CFR and CCR Title 8 require employees to have 40 hours of initial
training and 8 hours of annual refresher training. 29 CFR 1910.120 requires 40 hours of initial
training and 8 hours of annual refresher training for workers at uncharacterized sites, including
all workers involved in drilling and well sampling/testing operations. All other staff are required
to have 24 hours of initial training and 8 hours of annual refresher training. Workers who are on
site one time only or infrequently are not required to have any training provided they are
continually escorted by trained individuals. Supervisors and managers are required to have 8
hours of specialized training unless they engage in any hazardous materials operations. All site
personnel must meet these training requirements in addition to the site-specific training
requirements prior to working on site. All employees must have received the required
Occupational Safety and Health Administration (OSHA) training per 29 CFR 1910.120. Copies
of records of employee training will be available on site. Refer to 29 CFR 1910.120 for
additional information on requirements for personnel training.

Safety training, required of all personnel working on site, will include:

« 24-hour OSHA training, and 8-hour OSHA annual refresher

o Pre-entry site briefing

+ Daily monitoring

« Physical and health effects of the hazardous chemicals

. How to lessen or prevent exposure to these hazardous chemicals through usage of
control/work practices and PPE

« Emergency procedures to follow if they are exposed to chemicals

« Location of the MSDS file and hazardous chemicals list

All personnel will have current OSHA Hazardous Materials (HazMat) training, as required by 29
CFR 1910.120. The SSO will ensure that all personnel are trained properly and that records are
maintained. Copies of MSDSs for all hazardous chemicals known or suspected on site will be
maintained in the work area. MSDSs will be available to all on-site workers for review.

Pre-entry safety training will be conducted before any personnel begins fieldwork. At the
completion of the training, each person will sign the Health and Safety Plan Acceptance Form.
There may be instances where it is not practical to give every worker arriving at the site a
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comprehensive safety briefing. If the worker will be at the site for less than 4 hours, the SSO
will be responsible for supervising/escorting the worker while at the site. The worker will be
listed in the field logbook as a “casual worker” and will not be required to sign a Health and
Safety Plan Acceptance form.

1.5.2 Personnel Instruction

All Site personnel shall be instructed in basic hazard awareness by the SSO prior to daily work
activities on the Site. This training will be augmented by crew briefings and site-specific task
training. This training will cover safe operation of site equipment and lab safety in the on-site
laboratory. Initial training will include:

« History of the site

o Chemical hazards

» Requirements for personal protection equipment, its effectiveness and its limitations
« Emergency procedures

« Decontamination procedures

« Personal hygiene and care

« General health and safety practices

« Physical hazards

« Outline of the day’s work, potential hazards, and topic of the day

Information concerning the health and safety hazards of the contaminants at the Site shall be
maintained at the Site by the SSO and shall be available to the employees for examination.
Personnel shall be trained and cautioned to be aware of, and inform each other of, subjective
symptoms of dizziness, uncoordination, or loss of equilibrium.

The SSO shall verify that employees have received training concerning the fitting, use, care, and
limitations of respirators and other personal protection equipment. Verification of a qualitative
respirator fit test shall also be made. Facial hair, which interferes with a satisfactory seal of the
respirator to the face, will not be allowed on personnel required to wear respiratory protective

equipment.

1.6 Site Monitoring

1.6.1 Operations
The treatment system will be closed, except for atmospheric discharge of air from the carbon

canisters, the collection of contaminants in drums, and the collection of effluent water in a
double-contained tank. Air monitoring will be performed in these locations routinely, using an
organic vapor meter. If an extraction pipe breaks or other system breaches occur, the area will
be evacuated and the system will be shut down until monitoring indicates the area is not
hazardous. Otherwise, no field activities will be conducted in the hazardous area until the

necessary repairs have been made.

1.6.2 Vapor Monitoring during Field Sampling
Initial air monitoring will be conducted by the SSO. After a period of several sampling episodes,

the monitoring requirements will be reviewed on the basis of monitoring results and system use.
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Workers will conduct activities that present exposure risks (such as sampling) in Level D PPE,
unless monitoring indicates detections are approaching action levels. At this point, PPE will be
upgraded or the activity will be rescheduled, as deemed appropriate by the SSO.

1.6.2.1 On site Air Quality Monitoring

Air monitoring shall be performed in the following manner. An organic vapor photoionization
monitor (OVM) shall be used to quantify airborne concentrations of contaminants (total
organics). Periodic readings shall be obtained in the work area. The airborne concentrations in
meter units (mu) should be recorded in the field logbook. The OVM shall be pre- and post-
calibrated daily. The results of daily calibration shall be recorded in the field logbook. Refer to
the Operator’s Manual for the OVM for calibration procedures.

1.7 Medical Surveillance Requirements

All personnel will have records of current medical surveillance physicals on file before starting
work on site. Copies of these files will be maintained at the job site. No additional medical
surveillance will be required unless warranted by exposures recorded during the demonstration
period. Surbec will keep medical surveillance records.

1.8 Emergency Contacts And Medical Facilities

Surbec is responsible for health and safety while work is conducted at the site. The Surbec or
other personnel responsible for health and safety are to summon the following emergency
contacts in case of an incident.

SSO Jeff Brammer 405/826-2880
PM Mark Hasegawa 405/364-9726

The medical facility to be used during an emergency is the Alameda Hospital located at 2070
Clinton Avenue in Alameda. The hospital telephone number is 510/522-3700. Directions from
NAS Alameda to Alameda Hospital follow.

From Main gate:

Drive straight onto Atlantic Avenue.

From Atlantic Avenue heading east.

Take Atlantic Avenue to Webster Street (CA Highway 61).

Turn right on Webster heading south.

Take Webster Street two blocks south to Buena Vista Avenue.

Turn left on Buena Vista Avenue heading east.

Follow Buena Vista Avenue for 1.7 miles to Willow Street.

Turn right on Willow Street heading south.

Follow Willow Street nine blocks south to Clinton Avenue.

« The hospital is at 2070 Clinton Avenue on the southeast corner of Clinton Avenue and

Willow Street.

A hospital route map is located on Figure B.1.
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Figure B.1: Hospital Route Map
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HEALTH AND SAFETY PLAN PROJECT ACCEPTANCE FORM

INSTRUCTIONS:  This form is to be completed by each person who works on the subject
work site and returned to the Health and Safety Manager.

Job Number

Client/Project

Date

I represent that I have read and understand the contents of the above Plan and agree to perform
my work in accordance with it.

NAME (PRINT) SIGNATURE COMPANY DATE
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1.0 INTRODUCTION

A comprehensive and accurate performance evaluation of the demonstration depends on
obtaining a complete, representative, and consistent data set chronicling the results of the
demonstration. The data must characterize the original contaminant concentrations and
distribution, the mass and rates of contaminant and surfactant/cosolvent removed, and the
residual contamination and surfactant. The project sampling plan presented in this section
specifies the general sampling locations and procedures for collecting soil and groundwater
samples, the sample chain-of-custody procedures and the required packaging, labeling and
shipping procedures.

Sampling activities to support the demonstration include the following main phases: System
Well Installation, Laboratory Testing, Pre-demonstration Aquifer Testing: Push-pull Testing and
Partitioning Tracer Testing, Surfactant/Cosolvent Flushing Operations, and Post-Partitioning
Tracer Testing and Soil Sampling.

For each phase of sampling, the following information is specified within in this section:

+ Sampling criteria and objectives

« Rationale for sample locations, number of samples, and analytical parameters
+ Field methods and procedures

+ Quality control

Field methods and procedures include sample collection methods, disposal methods, equipment
decontamination, sample labeling, sample preservation, sample packaging and shipment and
sample documentation. Standard operating procedures (SOP) documentation will be maintained
at the on-site laboratory and at the University of Oklahoma laboratory. The selected off-site
laboratory will be responsible for maintaining their own documentation that is consistent with
procedures set forth in the WP. Where information regarding field methods and procedures or
any other aspect of the sampling plan apply to both phases of sampling, sections are cross-

referenced.

Section 1.1 details the sampling objectives to be followed for the sampling. Section 1.2
describes the sampling rationale for all phases of the demonstration, and Section 1.3 describes
the specific locations, procedures and methods, and frequency of the sampling for the
demonstration.  Section 1.4 briefly summarizes the quality control (QC) sampling.

The goals of the listed procedures are to ensure that all information, data, and interpretations
resulting from the soil/water sampling are technically sound, valid and properly documented.
The implementation of procedures may change depending on the actual field conditions
encountered during implementation. If changes to the soil/water sampling procedures are
required, notification will be made as soon as possible of the change and work will not proceed

until concurrence on the change has been received.
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1.1 SITE SAMPLING OBJECTIVES

Site sampling objectives include any field investigations or activities performed before, during,
and after the technology demonstration. The purpose of site sampling is to establish baseline
conditions, confirm that test site groundwater contaminant concentrations meet the technology
demonstration requirements, and evaluate the test progress and performance.

1.1.1 Sampling Objectives

The main sampling objectives are to assess contaminant concentrations in the soil and
groundwater at the selected demonstration site and to assess the demonstration performance.
Accurate contaminant concentrations obtained prior to, during, and at the completion of the
project will allow for a comparison to the project objectives. Specific objectives of the sampling
plan are listed below:

« To obtain accurate pre-test information (tracer tests) to accurately determine pre-existing
nonaqueous-phase liquid (NAPL) concentrations in the subsurface

« To monitor performance of the SESR system in terms of its performance in removing
target NAPLs (VOCs) from the subsurface

. To evaluate the aboveground treatment system for its ability to separate contaminant
from surfactant for surfactant reuse

« To obtain accurate and representative influent/effluent water samples and flow data so
that accurate performance mass balances can be calculated

« To obtain representative soil samples to accurately portray baseline VOC concentrations

. To obtain accurate surfactant analysis that will result in a realistic assessment of the
usage and recovery rates for surfactants

« To obtain data that is useful for cost analysis and determination of the economic
feasibility of using SESR at other sites

1.2 SAMPLING RATIONALE

The purpose of the sampling plan is to meet the project objectives. The samples will be split
between the on-site laboratory (Surbec), the approved California laboratory (not yet selected)
and the University of Oklahoma. The sampling locations and samples analysis distributions are
documented in Table C-1. The sample ports and well locations are illustrated in Figure 4.4. As
indicated in Table C-1 the sampling procedures have been broken down into five main sections:

. Demonstration Well Installation and laboratory testing

« Pre-demonstration Aquifer Testing: Partitioning tracer testing and Push-pull Testing
« Surfactant/cosolvent flushing

. Post-demonstration Partitioning tracer testing

« Demonstration Assessment Soil and Groundwater Sampling
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Demonstration Well Installation

The demonstration setup requires the installation of four recovery wells, two injection wells, two
hydraulic control wells, and four shallow monitor wells. During installation of the 12 wells, soil
samples will be collected for field and laboratory analyses as described in Section 1.3.

Laboratory Testing

The purpose of the bench-scale laboratory testing is to determine the optimal system for
surfactant/cosolvent flushing. Laboratory sampling procedures are outlined in the attached
quality assurance project plan (QAPP) and documented in the references.

Pre-Partitioning Tracer Testing and Push-Pull

The purpose of sampling during this phase will be to quantify pre-test NAPL concentrations in
the subsurface. The media to be sampled during this phase includes injection well groundwater
and recovered and processed groundwater. The sample matrix and analyses are documented in
Table C-1. The sampling frequencies for the tracer test (Table C-1) have been developed based
on the duration of the test and the number of data points required to provide sufficient statistical
analysis and a satisfactory level of confidence.

Surfactant/Cosolvent Flushing Operations

The purpose of the sampling during this phase will be to evaluate and adjust test conditions,
evaluate surfactant recovery from the subsurface, evaluate the performance of the above ground
treatment system and determine enhancement in contaminant recovery from the subsurface over
baseline conditions.  The media to be analyzed during this phase includes background
(upgradient), perimeter (downgradient and cross gradient), and recovered and processed
groundwater. Sample frequencies and locations are documented in Table C-1. Sample
frequencies were established based on past test experience at Hill Air Force Base (AFB) and
Tinker AFB, and current experience at McClellan AFB. For the duration of this test, sampling
frequencies of every 8 hours (of the recovered groundwater and processed stream) will provide
adequate testing data information.

Post-Partitioning Tracer Test

The purpose of sampling during this phase of the demonstration will be to quantify post-test
contaminant concentrations. The media to be sampled during this phase includes groundwater
and recovered groundwater. Sample matrix and analysis are documented in Table C-1. The
sampling frequencies for the tracer test have been developed based on the duration of the test and
the number of data points required providing sufficient statistical analysis and a satisfactory level

of confidence (refer to the attached QAPP).

Demonstration Assessment Soil and Groundwater Sampling
Upon completion of the demonstration, soil samples will be collected at predetermined locations.
The purpose of the soil sampling is to determine the effectiveness of the soil remediation from

the surfactant flushing activities.

Groundwater samples will be collected from the recovery, injection, and hydraulic control wells
three weeks after cessation of the pumping activities. The groundwater sampling results will also
indicate the effectiveness of the surfactant flushing activities. '
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1.3 FIELD METHODS AND PROCEDURES

- This section describes the field methods and procedures that will be used for drilling operations,

groundwater sampling, aquifer characterization testing and Surfactant/Cosolvent Enhanced In
Situ Flushing technology performance sampling. Field methods and procedures are provided for
sample collection, disposal of contaminated materials, equipment decontamination, sample
preservation, and sample packaging and shipment. Sample labeling and chain-of-custody
procedures are described in the QAPP. '

1.3.1 Drilling Activities

A total of 12 wells will be installed during this project. As these wells are completed, their
specifications will be provided to the TtEMI Project Manager for official documentation. The
drilling and well completion methodology will be consistent for all wells installed as part of this
project. Locations for soil samples will vary depending on the contamination level with depth.
Proposed well locations are shown on Figure 4.3. Shallow soil borings will not exceed 20 feet in
depth and will be advanced using hollow-stem auger methods with continuous coring or split-
spoon samplers (refer to the QAPP for alternative drilling methods).

Continuous Cores and Shelby Tube Sampling

The primary soil sampling methodology that will be used in the unconsolidated soils will be a
continuous tube sampling system. This sampling method uses a 5.5-foot steel split-barrel
sampling tube that is 2.5 to 4.0 inches in diameter. The sampler has a threaded cutting shoe,
which mounts on the base of the sample tube, and a threaded retrieval head, which mounts onto
the top of the sample tube. A sample retainer can be used in sandy or gravelly soils to improve
recovery. The sampler is mounted within the lead hollow-stem auger flight and is adjusted so the
cutting head or shoe is even with the auger cutting bits or extends to as much as 0.5-feet below
the bit. The sampler is mounted on a drilling rod and is hydraulically pushed into the subsurface,
but does not rotate as the auger is rotated. The hollow-stem augers are advanced in 5.0-foot
increments. Once the augers have been advanced over the interval, the sampler is removed from
the borehole (augers remain in position) and the sampling barrel is split open to expose the
sample.

Shelby tube sampling may be employed in clay or silt soils where undisturbed soil samples are
required for physical or chemical tests if continuous coring is not effective. The Shelby tube
sampler (ASTM D-1 587-83) consists of a 3 in diameter thin wall (16 gauge) steel tube, 24 to 36
inches in length. The bottom of the tube or bit is sharpened so that the bevel is on the outside of
the tube. The inside diameter of the bit is slightly less than that of the tube. The basic principle
of operation is to hydraulically push or hammer the Shelby tube into the undisturbed soil in one
continuous stroke without rotation. The tube is allowed to sit approximately 1 minute before
sample removal to increase adhesion. The core is released by manually rotating to break off the
core. The samples containing the soil should be carefully removed from the hole to minimize
disturbance to the sample. Following sample removal, the sample will be measured, examined
and described by the site geologist or geohydrologist. If undisturbed soil samples are obtained,
the ends of the sample tube will be sealed to prevent loss of moisture.
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Soil Vapor Sampling

If required, soil vapor headspace sampling will be conducted for the entire boring. The
headspace samples will be collected in glass jars, covered with aluminum foil, and after a period
of time pierced with an organic vapor monitor to record the vapor headspace concentrations. The
headspace results will be used to assist in determining which sample(s) should be sent to the
laboratory for volatile organics analyses as described in the QAPP.

Sample Collection Procedures
The sampling procedures common to undisturbed and disturbed sampling are described in this
section. A breakdown of the procedures is listed as follows:

Sample interval

Sample identification

Sample collection and management
Soil packaging and handling

Soil sample description and logging

Sample Interval

Sample cores will be taken across the entire depth of all borings. Each sample core will be
examined and the geology logged according to the Unified Soil Classification System (ASTM
D2488). Cores will be examined for visible signs of volatile organic compounds (VOC). Soil
samples will only be obtained from beneath the water table. VOC samples from soils and
duplicates will be preserved in methanol and will be taken from cores within the above-
mentioned sample interval whenever VOC analysis are present. These samples will be sent to the
appropriate laboratory for VOC analysis.

In order to characterize the subsurface soil characteristics in the flushed zone, sample cores will
also be taken and sent to a geotechnical laboratory for analysis of frantion of organic carbon
content (foc), bulk density, porosity, sieve analysis, and moisture content. The sample cores will
be collected in shelby tubes with the ends sealed. They will be labeled, and placed in an
appropriate container for shipment to the laboratory. Sample locations and frequency are
identified in Table C-1.

In addition, cores will be taken during recovery/injection well installation and submitted to the
University of Oklahoma (OU) for bench scale analysis. Cores will be obtained and screened as
indicated above. Cores to be sent to UO will be from the targeted flushing zone and be
representative of the target area. The cores will be collected from the locations indicated in Table

C-1b.

Sample Identification

Each sample shall be identified according to its collection location. The sample will be labeled
~ by the well/boring it was collected from, followed by the depth , as appropriate. As an example,
a soil sample collected from the 24-foot depth during drilling and installation of Injection Well 1
would be labeled IW-1/24. A groundwater sample collected from Recovery Well 2 would be
labeled RW-2. The sample identification will be well documented on the chain-of-custody form,

in the field logbook, and on the sample jar.

April 1999 Appendix C Sampling and Analysis Plan C-5



Sample Collection and Management

Sample collection and management will comply with this Sampling and Analysis Plan (SAPP)
and the QAPP. Soil samples will be collected for field headspace analyses and for laboratory
analyses of volatiles by method 8260. The field samples will be composited over 2-to 2.5-foot
increments from the soil cores collected in the continuous sample barrel or split spoons. The
samples will be placed in glass jars and covered with aluminum foil. After a period of time, the
foil will be pierced with an organic vapor monitor, and the headspace concentrations will be
measured and recorded. Upon completion of the sample measurement, the sample will be
disposed as outlined in this SAPP.

Selected soil samples will be collected for laboratory analyses of volatiles by method 8260. The
samples will be collected and preserved according to established protocol for methanol
preservation of samples for volatile organics. Soil sample jars, VOAs, will be pre-weighed in the
laboratory and recorded; a measured amount of methanol will then be added, and the jar will be
reweighed and sent to the field. A pre-determined amount of soil sample will be calculated based
upon the amount of methanol in each jar. The soil sample will be collected with an open ended
syringe and immediately extracted into the jar. The lid will be placed securely on the jar, and the
sample information will be recorded in the logbook. The sample will be placed in a cooler with
ice as required by the additional preservation protocols.

Sample Packaging and Handling

Samples to be sent to the laboratory for VOC analysis will be preserved in methanol as described
in Method SW8260B. Selected samples will be split in order to conduct the various chemical or
physical tests. All samples for the chemical tests will be placed in clean glass jars and properly
labeled. Samples cores for physical tests and for bench scale screening purposes will be
collected and sealed in shelby tubes before being labeled and placed in the appropriate shipping
containers. All samples that will be analyzed will have a chain-of-custody form completed.

Soil Sample Description and Logging

All recovered samples will be described and logged by the site geologist upon collection.
Description will include amount of core recovered; interval thickness; depth of lithology change;
color according to the Munsel Color chart; grain-size distribution; macro-features and physical
characteristics; mineralogy, soil and classification system (ASTM D2487 and D2488). Also
documented on the drill logs will be documentation of odors and staining. The boring logs are
the same as the ones used for the subsurface investigation.

Physical Testing of Soil Samples
Selected samples of the various lithological units encountered during test drilling will be subject
to selected physical testing for soil characteristics important to site characterization and

assessment. These physical tests will include the following methods:

« Particle size distribution (Sieve ASTM D-1140; Hydrometer ASTM D-2217)
« Visual classification (ASTM D-1587 and ASTM D-1588)

o Fo (Walkley-Black Method)

« Porosity (density ASTM D-2216 and specific gravity ASTM D-854)

+ Unified soil classification (ASTM D-2487)
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+ Soil moisture content (ASTM D-2216).

1.3.2 Groundwater Well Sampling

The groundwater sampling plan is outlined in Table C-1. All the sample locations have been
identified in Table C-1. Groundwater samples will be utilized to quantify VOC and surfactant
concentrations in the groundwater and will be critical in the evaluation of this technology.

All wells will be constructed and developed in accordance with the QAPP, and the groundwater
sampling procedures will follow the guidelines set forth in this SAPP.

The general activities (not necessarily in order) that will occur during groundwater sampling are
summarized as follows:

» Prearrangement of sample analytical requests with analytical testing laboratory
« Assembly and preparation of sampling equipment and supplies
« Groundwater sampling
Well inspection
Water level measurements
Well depth measurement
Measurement of any floating product in well
Visual inspection of borehole water
Calculation of purge volume
Well bore evacuation
Sampling
Sample preservation and preparation
On-site measurement of parameters
« Sample labeling
Completion of sample records (field log book)
» Completion of chain-of-custody records
o Sample shipment

Equipment Assembly, Check and Calibration

Prior to the sampling event, all equipment to be used will be assembled and its operating
condition verified, calibrated (if required), and properly cleaned (if requxred) In addition, all
record-keeping materials will be prepared.

This activity will include verification that all equipment is in proper operating condition. Also,
arrangements for repairs or replacements will be made for any inoperative equipment.

Prior to field use, where appropriate, equipment will be calibrated according to the
manufacturer's specifications.  This step applies to the equipment for making on-site
measurements of pH, specific conductance, and water temperature.

Groundwater Sampling Procedures
Groundwater samples will be collected and submitted for three types of analysis: (1) VOC
analysis, (2) inorganic analysis and (3) groundwater quality analysis. Samples will be collected
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by filling the containers to a positive meniscus then tightly closing the container lids. Sample
collection, labeling and chain-of-custody preparation will be consistent regardless of the analysis
to be performed. However, sample quantities, holding times, and preservation will vary
depending on the analysis to be performed. Whenever a commercial laboratory is utilized for the
analysis, they may be required to provide sample containers (this includes UO). Surbec will
supply the appropriate containers for all on-site analyses.

Special care will be exercised to prevent contamination of the groundwater and extracted
samples during the sampling activities. The two primary ways in which such contamination can
occur are through improper handling of a sample or through cross-contamination of the
groundwater through insufficient cleaning of equipment between wells.

To prevent such contamination, all sampling equipment will be thoroughly cleaned before and
between uses at different sampling locations. In addition, two further precautions will be
followed:

+ New disposable latex (or similar) gloves will be worn each time a different well is
sampled

 Sample collection activities will proceed progressively from background to downgradient
areas or from wells that are least contaminated to wells most contaminated.

Depending on the level of sampling activity, weekly or daily field blanks will be prepared to
audit the quality of sample preparation.

The following paragraphs present procedures for the several activities that comprise groundwater
sample acquisitions. These activities will be performed in the same order as presented below.
Minor deviations from this procedure will be noted in the permanent sampling record.

Groundwater Level and Well Depth Measurement

Prior to the water level and well depth measurements, each well will be inspected thoroughly for
signs of damage. Any damage or repairs needed to the well must be noted on the groundwater
sampling record form or in the field logbook. Groundwater depth measurements will be

conducted.

Immiscible Phase and Dense Phase Organic Measurement

If dense nonaqueous-phase liquid (DNAPL) phase is thought to be near the base of the well, its
thickness must be measured and recorded. The presence of an organic layer precludes the
exclusive use of electric (conductivity) sounders to establish an accurate static water level
measurement. The electric sounders will not work properly in immiscible liquids.

The measurement of an immiscible layer requires the use of a specialized interface probe that
distinguishes between organic liquids and water. The probe should be dropped to the bottom of
the well to determine the thickness of DNAPL. The probe will beep continuously when NAPL is
encountered and intermittently when water is encountered. Equipment calibration and
decontamination will follow those procedures as outlined above. If the interface probe indicates
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that DNAPL is present, a bottom discharge bailer will be dropped to the bottom of the well to
confirm the presence of free phase DNAPL.

Visual Inspection of Well Water
All observations regarding immiscible phases, odor, or any other visual evidence of
contamination will be recorded or in the field logbook.

Sample Extraction

A Grundfos® submersible pump will be used to purge groundwater from all wells during
sampling. Disposable Teflon bailers, a peristaltic pump, Grundfos® pump, or another pump will
be used to collect groundwater samples from all wells after purging. Prior to collection during
purging, water parameter stabilization will be documented by monitoring parameters such as
temperature, pH, and specific conductance. Each monitoring well will have dedicated sample
tubing. Between uses, all pumps will be cleaned in accordance with decontamination procedures
as documented in the QAPP. Care will be taken to prevent undue disturbance of water in the
well when inserting the pump or bailer. The groundwater will be carefully poured down the
inside of the sample bottle to prevent significant aeration of the sample. Excess water taken
during sampling will be placed in a container for proper disposal.

On-site Parameter Measurement
The following measurements will be taken using field measurements. These parameters will be
determined in each new well and at each major sampling event during the field demonstration.

These parameters are:

. pH
 specific conductance
« temperature

These parameters will be measured in unfiltered, unpreserved, "fresh" water taken by the same
technique as the samples taken for laboratory analyses. All on-site measurements will follow the
procedures outlined in this SAPP. The measured values will be recorded in the field logbook.

Sampling Records
To provide complete documentation of sampling, detailed records will be maintained. These

records will include the information listed below:

« Sample location (facility name)
« Sample identification (well number and/or sample number)

« Date and time of sampling

« Field observation of sample appearance and odor
» Weather conditions

« Sampler's identification

« Any other information which is significant

Groundwater sampling information will be recorded on a designated groundwater sampling
record or in the field logbook.
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1.3.3. General Sampling Procedures

Records Documentation During Aquifer Testing

Records will be maintained in logbooks, on laboratory and field forms for sampling events, and
for daily activities as specified in the SAPP. The following forms (located at the end of this
SAPP) may be used to record the data generated at the site:

Field Daily Sampling Log

Daily Field Logs

Chain-of-Custody Documentation Form
Drillers Log Summary

Drilling Daily Field Report Form
Lithologic Log

Well Development Log

Well Construction Details Form

Data Validation Package Checklist

Site safety, field measurements, and site activities data will be kept in the field logbook. The
permanent field logbook will be a bound book with consecutively numbered pages that will be
suitable for submission as evidence in legal proceedings. The logbook will be used and
maintained on a daily basis; all entries will be in permanent ink.

Sample Containers

Whenever applicable the analytical testing laboratory will provide clean containers and
appropriate container lids with Teflon or aluminum liners for sample collection. All sample
container lids will be sealed with tamperproof tape, and a label will be firmly attached to the side
of the container (not the lid). The following information will be legibly and indelibly written on

the label:

 Facility name

« Sample identification
Sampling date

Sampling time

Sample collector's initials
Preservatives used

Type of sample

Analysis to be performed

* L ] L * L] L ]

Sample containers shall be specific to the analysis to be performed on the sample.

Sample Preservation
Water samples will be properly prepared for transportation to the laboratory under refrigeration

and chemical preservation, if necessary. Sample containers provided by the laboratory will have
any necessary chemical preservatives added to the containers prior to being sealed and shipped.
Sample containers provided by Surbec will be preserved in the field. While in the field, all
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collected samples must be placed in ice-filled chests. Sample holding times and preservation
requirements will be specified by the laboratory.

Sample Packaging and Shipment
The following packaging and labeling requirements for the sample materials are appropriate for
shipping the sample to the testing laboratory:

 Preserve samples with ice and cool to 4°C

» Package sample so that is does not leak, spill, or vaporize

» Label package with sampler’s name, address, and telephone number
o Laboratory's name, address, and telephone number

o Description of sample

« Quantity of sample

o Date of shipment

« Attach chain-of-custody forms inside shipment container

Disposal of Contaminated Samples

Soil cuttings will be placed immediately into roll-off containers stored near the demonstration
site. Two trash containers will be used to store potentially contaminated personal protective
equipment (PPE), such as the Tyvek and gloves, and for uncontaminated trash, such as the sand

sacks and well plastic wrap.

All groundwater produced during implementation of the demonstration will be placed in
designated tanks stored near the demonstration site.

Groundwater samples that are analyzed on site will be disposed of by placing them in the storage
tanks containing recovered groundwater. Soil samples will be included with the drill cuttings.
The external laboratories must dispose of the samples in accordance with state and federal

regulations.

Wastes generated in the on-site laboratory will be segregated and containerized into separate
waste streams to facilitate disposal by the base.

Equipment Decontamination

All sampling and test equipment that contacts the interior well casing will be thoroughly cleaned
before being used in the field. This equipment includes water level tapes or probes, pumps,
tubing, bailers, lifting line, test equipment for onsite use, and other equipment or portions thereof
which are to be immersed. All equipment must be cleaned prior to use, unless carefully cleaned
and wrapped for transport. The cleaning process is as follows:

« Clean with tap water and phosphate-free laboratory grade detergent using a brush, if
necessary

« Rinse thoroughly with tap water

+ Rinse thoroughly with distilled water
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After sampling a well, the equipment used should be cleaned with phosphate-free laboratory
grade detergent then rinsed thoroughly with distilled water, methanol, then hexane or
cyclohexane. No metals contamination is anticipated; however, the decontamination protocol
will be modified to include a 0.1 N nitric acid rinse if it is determined that metals analysis needs
to be included in the sampling plan.

Any necessary deviation from these procedures will be documented in the permanent record of
the sampling episode.

Sample Documentation

After samples have been obtained, chain-of-custody procedures will be followed to establish a
written record concerning sample movement between the sampling site and the testing
laboratory. Each shipping container will have a chain-of-custody form completed by the site
sampling personnel packing the samples. The chain-of-custody form for each container will be
completed in triplicate. One copy of this form will be maintained at the site, and the other two
copies will be sealed in the container with the samples. One of the laboratory copies will
become a part of the permanent record for the sample to be returned with the sample analyses.

14 QUALITY CONTROL SAMPLING

A detailed description of the QA program is presented in the QAPP. However, a summary of
when duplicate and blank samples will be taken is included in Table C-1. In order to ensure
sample quality, duplicate samples, triplicate blanks, and field blanks will be obtained throughout
the project. As a rule of thumb, one duplicate sample will be taken per sampling day and
submitted for analysis. Triplicate blanks will be taken once per sampling week. Field blanks
will also be taken once per day.
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Table C-1A: Sample Collection Summary

Activity Sample # of Sample* Volume of Preservation Constituents Analytical Location of
type Samples Location sample Method Analysis
System Soil 18 Soil borings 2049 methanol VOC Swsa260B CAL-EPA-approved
Installation/ Soil 3 Soil borings 4"x12" core Core Box; 4°C foc, BD, por. MC  ASTM Standard Testing
Soil 8 Soil borings 4"x12" core Core Box; 4°C Bench work NA OU/Surbec
Pre-sampling GW 12 GW wells 45 ml Zero HS;4°C vOC SW8260B CAL-EPA-approved
GW 4 GW wells 5-gallons Zero HS;4°C Bench work NA OU/Surbec
GW 1 GW wells 1 liter Zero HS;4°C Water quality ASTM
Aquifer testing GW 11 Recovery wells 500 mi Zero HS;4°C surfactant NA On-site/OU
GW 12 Rec. GW 40 ml vial Zero HS:4°C VOC MOD 8260 CAL-EPA-approved
GW 174 Recovery wells 500 ml Zero HS:4°C tracers NA On-site/OU
GW 80 Recovery welis 500 ml Zero HS;4°C Bromide Bromide Probe Onsite
GW 17 Rec. GW 40 ml vial Zero HS;4°C voC MOD 8260 OU/Surbec
Surfactant flush GW 179 rec. GW 40 ml vials  Zero HS;40C Surfactant NA 95% on-site, 5% off-site
GW 179 rec. GW 40 mlvials  Zero HS;4°C VOCs Mod 8260 95% on-site 5% off-site
GW 10 rec. GW 40 mlvials  Zero HS;4°C Water quality ASTM
Vapor 10 Ambient Air TedlarBag Zero Hs;4°C VOCs CAL-EPA-approved
Post Aquifer GW 174 Recovery wells 500 ml Zero HS:4°C tracers NA On-site/OU
Test GW 80 Recovery wells 500 ml Zero HS;4°C Bromide Bromide Probe On-site
GW 13 Rec. GW 40 ml vial Zero HS;4°C VvOC MOD 8260 CAL-EPA-approved
Post test Soil 8 Soil borings 20¢g methanol vOoC SwW8260B CAL-EPA-approved
Coring &
Sampling

GW-groundwater

g-gram
mi-milileter

VOC -volatile organic carbon

April 1999

NA-not applicable
ASTM-American Society for Testing and Materials

OU-University of Oklahoma

Appendix C Sampling and Analysis Plan



ko

Table C-1b Pre-sampling Plan

Sample location

Soil

Groundwater

VOC

Geotechnical Bench

Analysis Analysis Testing

VvOC Bench
Analysis Testing

BOD, TSS,TDS
Alk.pH, Temp.

MW-1
Mw-2
MW-3
MW-4
RW-1
RW-2
RW-3
RW-4
IW-1
IW-2
IW-3
12|iW-4

-—
O W O~NDDOAD WN -

-
—~

Duplicates 10%
Field
Trip (1 per container)

S D2 NDNNNNDDNNA A

o

0

D e T T .. WS i W e §

NA

1 1

e I s TS S WS Wi W . 4

Total

18

12 4

MW-monitoring well
RW-recovery well
IW-injection well
GW-groundwater

VOC-volatile organic carbon

April 1999
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Table C-1c Hydraulic Testing and Pre Partitioning Tracer Test

Pump and Push Pull Test |PITT
Surfactant  |VOC Organic Tracer Bromide |VOC
0-6 days 0-6 days 0-3 days 4-6 days |0-6 days [0-6 days
1|MW-1 3 3 1 1
2]MW-2 3 3 1 1
3IMW-3 3 3 1 1
4iMmw-4 10 5 5 2
5|RW-1 20 10 18 2
6]RW-2 20 10 18 2
7|RW-3 20 10 18 2
8|RW-4 20 10 18 2
9jiw-1 8 8
10]IW-2
11|IW-3
12jiw-4
Storage tank 2 2 3 3 2
Composite GW
Duplicates 10% 1 2 10 5 1
Field
Trip (1 per container) 1
Total 11 12 112 62 [80 17

MW-monitor well
RW-recovery well
IW-injection well

MPP-macro porous polymer

MEUF-micellar enhanced ultrafiliration

VOC-volatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids

Alk-alkalinity

TDS-total dissolved solids

April 1999
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Table C-2d System Operation

Sample location Surfactant Samples [VOC Samples BOD, TSS, (Offgas
0-5 6-10 0-5 6-10 Alk.temp VvOC
Days Days Days Days TDS. pH
1[MW-1 3 2 3 2
2jMW-2 3 2 3 2
3]JMW-3 3 2 3 2
4]MW-4 3 2 3 2
51S1(RW-1) 10 5 10 5
6]S2(RW-2) 10 5 10 5
7}S3(RW-3) 10 5 10 5
8]S4(RW-4) 10 5 10 5
9]Iw-1
10Hiw-2
11}IwW-3
12jiw-4
Process Sampling
11}85 (MPP influent) 5 5 10 5
12]S6 (MPP effluent) 5 5 10 5
13]S7(backup stripper)
14]S8(backup stripper)
15}89(not sampled)
16}S10 (MEUF Retentate) |10 5 5 5
17}S11 (MEUF Permeate) |10 5 5 5
18]S12
191513 (reinjection solution) |10 5 10 5
20Jtankage 10 5 10 5 10 10
Duplicates 5% 6 3 6 3
Field
Trip (1 per container) 5 5 5 5
Total 113 66 113 66 10 10

April

MW-monitoring well
RW-recovery well
IW-injection well

MPP-macro porous polymer
MEUF-micellar enhanced ultrafiltration
VOC-volatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids

Alk-alkalinity

TDS-total dissolved solids

1999

Appendix C Sampling and Analysis Plan
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Table C-1e Post-Test Aquifer Sampling Summary

PTT
Organic Tracer Bromide VOC
0-3 days 4-6 days 0-6 days Day 6
1|MW-1 3 3 1 1
2]MwW-2 3 3 1 1
3jMw-3 3 3 1 1
4iMW-4 10 5 5 1
5]RW-1 20 10 18 1
61RW-2 20 10 18 1
7|RW-3 20 10 18 1
8|RW-4 20 10 18 1
9liw-1 1
10]IW-2 1
11jIW-3 1
12)lw-4 1
Storage tank 3 3 1
Composite GW
Duplicates 10% 10 5
Field
Trip (1 per container)
[Total 112 62 80 13

MW-monitoring well
RW-recovery well
IW-injection well
GW-groundwater

VOC-volatile organic carbon
PTT-partitioning tracer test

April 1999

Appendix C Sampling and Analysis Plan
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Table C-1f Post-Test Soil and Groundwater Sampling
Sample location Soil
VOC
Analysis

MwW-1*
Mw-2*
MWwW-3*
Mw-4
RW-1*
RW-2*
RW-3*
RW-4*
fW-1*
Iw-2*
11HW-3
12|Iw-4
13}SB-1
14}SB-2
15{SB-3
16|SB-4

-—
OO O~NOOOODE WN -

NNNN

Duplicates 10%
Field

Trip (1 per container)
Total 8
* Soil boring to be placed approximately 4' within listed well towards the inside of the cell

MW-monitoring well
RW-recovery well
IW-injection well

SB-soll boring

VOC-volatile organic carbon

April 1999 Appandix C Sampling and Analysis Plan
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Figure D1: Plan view of surfactant distribution at elevation of 100 feet after 1 day of injection (Blue —
water table and hydraulic head; Red — Surfactant concentration mg/1)
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Figure D2: East-west cross-section through the north injection and recovery wells after 1 day of surfactant
injection (Blue — water table and hydraulic head; Red — Surfactant concentration mg/1).
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Figure D3: Plan View of Surfactant Distribution at elevation of 100 feet after 5 days of injection (Blue —

water table and hydraulic head; Red — Surfactant concentration mg/I)
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Figure D4: East-west cross-section through the north injection and recovery wells after 5 days of
surfactant injection (Blue — water table and hydraulic head; Red — Surfactant concentration mg/1).
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Figure D5: Plan View of surfactant distribution at elevation of 100 feet after 5 days of surfactant injection
and 7 days of water flooding (Blue — water table and hydraulic head; Red — Surfactant concentration in

mg/l).
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Project: Alameda Point
Description: BT in RW 1—4 (Shallow)
Modeller: MAI

29 Dec 98

Visual MODFLOW v.2.7.1, (C) 1995—1997
Waterloo Hydrogeologic., Inc.

NC: 103 NR: 104 NL 2

Current Layer: 1

April 1999
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Table D1: Model Input Parameters

Input Value Reference
Hydraulic Conductivity 8 f/d (fill) 0.001 ft/d (Bay Mud) | Slug test Data / Soil core analysis
Hydraulic Gradient 0.002 (from north to South) Groundwater Sampling Events
Storage Coefficient (Sc) 0.0001 Freeze and Cherry, 1979
Specific yield 0.1 Freeze and Cherry, 1979
Bulk Density 48 kg/ ft3 Site 5 Geotechnical analysis
Porosity 0.35 Freeze and Cherry, 1979
Linear Sorption Coefficient 0.0015 ft3/kg Previous lab analysis
(Surfactant)
Dispersivity 05 ft Distance/Peclet# = 10 ft / 20
Surface Elevation 112 ft Site Investigation Survey Data
Depth to ground water 8 ft Groundwater Sampling Events
Grid resolution 1ft —4ft Previous experience
Grid Size 200 ft x 200 ft RFP

April 1999
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MPP SYSTEMS
MPPE PROCESS DESCRIPTION
For
SURFACTANT-ENH_ANCED SUBSURFACE REMEDIATION

1.0 AKZO NOBEL AND MPP SYSTEMS

The Macro Porous Polymer — Extraction (MPPE) technology is a product of Akzo Nobel
Research. Headquartered in Arnhem, The Netherlands, Akzo Nobel is a worldwide
ndustrial organization with operations in more than 60 countries and over 70,000
amployees. In addition to its core businesses of chemicals, coatings, pharmaceuticals,
and fibers, the company focuses on the development of new products in major growth
sectors that draw on its technological and marketing know-how. Akzo Nobel conducts
an active environmental policy with respect to its products and processes. The
:echnological and financial strengths of Akzo Nobe! are an integral part of the MPPE

product offering.

MPP Systems was established in 1994 to further develop and market the MPPE
technology. MPP Systems is a unit of Akzo Nobel Business Development (ANBD), and

has offices in The Netherlands, Germany, and the United States.

2.0 MPPE PROCESS DESCRIPTION

The Macro Porous Polymer-Extraction (MPPE) system of Akzo Nobe! separates
hydrocarbons from water by a unique and innovative liquid-liquid extraction process. A
patented porous polymer developed by Akzo Nobel contains an extraction liquid within
the pores. The macro porous polymer structure is shown in Figure 1. The polymer and
the extraction liquid are both highly hydrophobic but organophilic, especially toward
nonpolar compounds. Hydrocarbons, dissolved or dispersed in water, partition to the
extraction fiquid and remain in solution within the polymer pores. A strong attraction to
the polymer couplied with an extremely low solubility in water serve to prevent
partitioning of the extraction solvent to the water. Thus, a unidirectional extraction mass

transfer is accomplished.

The MPPE material is applied in a packed column. The water/hydrocarbon
(raffinate/solute) pass in piug flow through the column and the solute partitions to the
solvent. Very high mass transfer efficiency is achieved as the declining concentration
raffinate/solute front continuously meets fresh solvent in the polymer, the equivalent of

many extractors in series.



ver time, the extraction solvent loads with hydrocarbon. Before the water reaches the
;aximum allowed effluent concentration, the MPPE is regenerated in-situ by stripping
1e hydrocarbons from the extraction solvent. Low pressure steam is introduced into the
»p of the column. As the polymer heats, the solute is vaporized from the solvent and
asses out of the column with the steam. Again, the strong affinity of the solvent for the
slymer, coupled this time with its very low vapor pressure, serve to keep the solvent in
e polymer pores. The steam and solute are condensed together. Because the amount
f steam required for stripping is very low, the concentration of solute in the condensate
xceeds saturation, which leads to phase separation. The free-phase solute is available
»r beneficial reuse/recycle or disposal. High purity and low volume facilitate economical
isposition of the recovered solute. The low-volume, solute-rich condensate is recycled
» the MPPE columns in a closed loop. Figure-2 is a flow diagram of the MPPE process.
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gure 1. MPPE structure.
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igure 2. MPPE extraction/stripping system.
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APPENDIX F — MSDS SHEETS

FINAL WORK IMPLEMENTATION PLAN FOR
SURFACTANT ENHANCED DNAPL
REMOVAL TREATABILITY STUDY

THE ABOVE IDENTIFIED ATTACHMENT HAS
MISSING PAGES. IT COULD NOT BE
DETERMINED WHETHER THESE PAGES ARE
MISSING OR THE DOCUMENT WAS ISSUED
WITHOUT THESE PAGES.

QUESTIONS MAY BE DIRECTED TO:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST
NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST
1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676
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Product Information

DOWFAX' Surfactants

FDA Status of DOWFAX Surfactant Products

DOWFAX 382, DOWFAX C10L, DOWFAX 2A1, DOWFAX 2EP and DOWFAX 8390 solution surfactants,
when used unmodified and accarding 1o good manufacturing practices for food contact applications, will
comply with the U.S. Foed, Drum and Cosmetic Act as amended under Food Adaitive Regulation 21 CFR
'1‘78.3400 (Emuisifiers ana/or sutface active agents). These products are cescribed in the regulation as
oliows: :
' *Sodium monoalkylphenoxyphenoxybenzenesdisulfonate and sodium
dialkylphenoxy-benzenedisuifonate mixtures containing net tess than 70%
of the moncalkylated proauct where the alkyl group is Cy - C.q."

These products may be safely used as emuisifiers ang/or surface actrve-agents in the manufacture of
articies or componants of articies intended for use in producing, manufacturing, packing, processing,
preparing, treating, packeging, fransporting or holding food subject to the provisions of this section,

No limitations are pleced on the physical er chemical nature ¢f the articies or components of articies to *
which the surfactants may be added. They include adhesives, resinous and polymeric coatings and
coatings for papar and paperboard. Also, there is no limitation on the types of food with which the articles
may come in contact or on the amount used. The quantity shal! not, however, exceed that reasonably
required to accomplish the intended technical effect. Thus, these surfactants may be used uncer a number

of reguiations including the follewing:
21CFR 175 105 - Adhesives,

21 CFR 175.300 - Resinous and Polymeric Coatings
21 CFR 176.170 - Componerds of Paper and Paperboard in Contact with Aquecus and Fatty Foods.

21 CFR 176.180 - Components of Paper and Paperboard :n Contact with Dry Food

It is unoerstood that the finished articie must conform to appropnate regulafions, but the surfactants listed
do not impose any additional imitations

10f1pages
1510-0184
1186

NOTICE: No freedom from any pstent owned by Sefier or others is to be infarred. Because use conditions anc applicable
iaws may differ from one focation to snother end may change with time, Custom.er is responsidie for determimimg whether
products and the information in this documant are appropriate for Customers use and for ensuring that Customer's
workpiace and disposal practices are in compliance with appscadle lawe and other government enaciments. Sellsr
assumes ne abligation of fiability for tha information in this document. NO WARRANTIES ARE GIVEN: ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY

EXCLUDED.
* Tmdemark of The Dow Chemical Company
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Product information

DOWFAX" Surfactants

North American Regulatory Status of DOWFAX Surfactants

| TSCA - DSL
| CAS Number(s) | (United States) (Canada)
DOWFAX 2A1 l 119345-04-9 - Yes i Yes
é
DOWFAX 240 | 118345-03-8 Yes | Yes
. 036445-71-3 ?
DOWFAX 382 | orore133 Yes [ Yes
i T
070191.75-2 ~
DOWFAX 3B0 ' 070191.741 | Yes ! No
| 085143-89-7 5
DOWFAX 8390 | o 0isr2 | Yes | Yes
DOWFAXC6L | 147732-60-3 | Yes ! Yes
1 of | pages
1510-017A
11796

NOTICE: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicadle
taws m3y differ from ona iocation to another and may change with ime, Customer is responsibie for determinimg whather
products and the information in this dacumant are sppropriste for Customer's use and for ensuring that Custemers
workplace and disposal practices are in complianee with appiicabls (aws and othar govermment enactments, Selier
agsumes ro obligation of fisbility for the information in this document. NO WARRANTIES ARE GIVEN: ALL IMPLIED

WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY
EXCLUDED.

* Tradamark of The Dow Chenucal Company
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Product information

DOWFAX" Surféctants Do

Degradation of DOWFAX Surfactants

A study was under taken to determine the degradation products of DOWFAX surfactants. Two systems
‘wate ax2mined, 5oil and Bctivated siudge. Foliowing is an overview of these studies

DOWEAX Chemistry
Due to analytical complexities associated with a reaction mixture. the degradetion stud:es initially focused

on a single isomer, the monoalkyiated, disulfonated component with an alkyl cisain of 16 carbans
(C16 MADS).

CieHas
ge——

NﬁO;S \ - 0= SO;N&

Hypothetical Biodagragation Pethway - .
The choice of tabeling the di-substituted ring is supported by the expected biodegradation pathway which

is based on the known biodegradation pathway of linear alkyl benzene sulfonate.

Bioaegradation is expected to be initigted on the erminal caroon of the finear alkyl group (omega
oxidation). Degradation of the finear chain should proceed with consecutive two carpon losses (beta
oxidation) to a carboxylic acid. Subsequent steps in the pathway are more speculative. One possibie
pathway would include opening of the tri-substituted nng followed by the degradation of the di-substituted
ring. Thus, labeling of the di-substituted ring would allow the tate of the C1€ MADS moiecuie to be studiad

until both aromatic nngs are degraded.

1 ot 5 pages
1510-014A
11798

 Trademark of Thc Dow Chemical Company
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Deorz dation in Activated Siudge

A Scap and Detergent Association fill and draw cesign was used to study the degradation of the
C16 MADS under both acclimated and non-acclimated conditions.

Municipal a-tivated sludge (2500mg/L suspended solids) was acclimated fo 20 ppm C16 MADS.
Activated sluge not exposed to C16 MADS was maintained in a parellel system. Following acclimation.
radiolabeled C 16 MADS was introduced to each system. Primary degradation® is plotted below.

20 -

s——- 2 OPM, NCTRALL TIEO SIS
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i s 29 PR, SCLEMBIN0 SMICOS -
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(4 10 x K 40 50

Less than 2% radio-fabeiey CO2 was coilected. By analyzing the effiuent, the major degradation
product was iocentified as:

CH3-CH2-CH-COOH

NaO,§ \ / o—\\ Y SO;Na

This degradation product supports the hypothesized degradation pathway

* Any chamica) chanpe to & comaouns that aers s propertes 8o that & will no ISNDer rspoNt to an anaytca! procedure
specific for the eriginal compound.

2e!5 pages
“813-014A

NOTICE: No ‘reegom farn any patent owned by Seier or others is to De mferved. Because use conddions and applicable
isws may differ from ore location to another and May change with ame, Customer 13 responabis for determinimy whathar
proaucts and the information in this document are sppropnate for Customer's use and for ensyring that Customer's
workpizcs snd disposal practices are in eompliance with appicadle ws anc othsr povernment enactments. Selier
sssumes no obligation or lisbiilty for the information in this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUBED.
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Degradation in Surface Soil

Standard microcesms were prepared with either aguifer solids (subsurface sandy ioam) or a sandy foam
surface soil and dosed with radio-labeled C16 MADS.

) 95% primary mineralization®
So! pom MADS dearadstion after 85 davs
Subsurface sandy soi 1 10 days <1%
Subsurface sandy soil 20 30 days <1%
Sandy lcam surface soil 1 4 gays 29%
Sandy loam surface soii 29 4 days 12%

Significant mineralization was achieved in the sandy loam surface soil. The major degradation
intermediate detected was similar to the product identified in the ectiveted sludge study.

Degradation in the Zahn-Wellens Procedure (QECD 3028)
Once there was an understanding of the degradation of the radio-labeled C16 MADS, a standarczzed

test method was empioyed to demonstrate mineratization of the commercial mixture (DOWFAX 8380
solution) compared to the synthesized component,

Upon dosing the test syster, the surfactants were rapidly adsorbed onto the sludge. As degradation
occurred, the intermediate was desorbed and found in the bulk solution. Desorption was confirmed, in e
supplementary study with radio-labeled C16 MADS, by recovery of 100% of the radioactivi'y f oliowing
filtration of the stuage after 9 days. Thus. removal of DOC (dissoived organic carbon) after 28 days was
due to biodegradation, not adsorption.

After 28 days, the % removal (DOC) is:

- analne {control) 98%
- LAS B1%
« C16 MADS 43%

- DOWFAX 8390 54%
Having achieved 54% LOC removal. DOWFAX 8350 may be classiied as "inherently biodegradabie”

* conversion of @ compound to carbon dioxide, water and/or rorganic compounds, reported as % *CO,.

3ofSpeges
1510-014A

NOTICE: No fresdom frem any patent owned by Selier or others s to be nferred. Beceuse use conditions and applicable
Isws may Jiffer from one jocation to ancther Snd May change with tme, Customar i responsible for oetemmmung whether
products and the information in this document sre approprate for Custormer's use and for ensunng that Customer's
workplace and Qisposa! practons are in compliance with appiicable Bws anc other govemment enactments. Sellar
assumes nc obligatios of isbillty for the infarmaten ir this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICLLAR PURPOSE ARE EXPRESSLY EXCLUDED.
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Dearadatior Conclusions

- Primary biodegradation of C16 MADS occurs in 2 variety of asrobic environments (activated
sludge, surface and subsurface sois). The degracation pathway is consistent with that of LAS

- Primary biodegradation of C16 MADS and DOWFAX 8380 surfactant in the Zahn-Wellene
test aliows them to be classified as inherently biodegradable.

- There are microorganisms in the soil capable of mineralzing the C16 MADS.

- The major degradation intermediate resulting from the degradation of DOWFAX 3B2 surfactant
and DOWFAX C6L surfactant is consistent with that identified for the C16 MACS degradation.

4 0of Spages
1510-014A

NOTICE: No freecom from arry patent owned by Seler or others is to be inerred. Becauss uss condiions and applicable
lsws may differ from one iocation o another and may changs with time, CuSiomer is rasponsibie for datsmmnimg whether
progucts and the information in this document sre approprme for Customer's use and for ensunng that Customer's
workplace and disposal practices are in compliancs with applicable laws and other govenment enactments, Selier
assumes no obligation or fisbility for the information in this document NO WARRANTIES ARE GIVEN: ALL IMPLIED
WARRENTIES OF MERCHANTASBILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY BY2LUDED.
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Acute Aquatic Toxicity of the Maior Degradation (ntermegiate
The acuteaquatic texicity of the major degradation intermediate was determined. Both rainbow trout and
daphnid were evaluated under static conditions with replicate groups of 10 organisms.

Samples of activated siucge effiuent were prepared in semi-continuous activated siudge (SCAS) units:
- Blank: Effiuent from the SCAS unit

~ Intermediate: Feed to the SCAS unit contained 20 ppm DOWFAX B380; the sffuent was confirmed to
contair the previously identified major intermediate. 4

- DOWFAX 8380: Effluent from the SCAS unit was amended with DOWFAX 8390 surfactant gt known
concentrations.

Species Time LESS ECSC
Biank ' trout 86 hrs >100%" >100%
daphnid 48 hrs >100% >100%
Intermediate trout a6 hrs >100% >100%
: daphnid 48 hrs >100% >100%
DOWFAX 8390 trout 96 hrs 0.7mg/L 0 7TmgiL
daphnid 48 hrs 14.1mg/L 13.5mo/L
* Not toxic
Aquatic Toricity Results

« The effluent had no effezis on the rainbow trout or the daphnid.

+ The biodegradation products from the activated sludge treatment of DOWFAX 8290 surfactant had no
effects cn rainbow trout or daphnid.

- The DOWFAX 8390 surfactant added directly to the effiuent s toxic to fish, this is consistent with
previous stud:es.

Sof5pages
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NOTICE: No freedom from arty patent owned by Selier of others is to be Inferred. Because uss conditions and applicable
taws may differ from one focauon 0 ansther and may changs with ums, Customs: & rasponsibie for datefminimg whetner
products and tha information in this document are approprigte for Customer's use end for ensuring that Customer's
workpiacs and dsposal pracuces are in complisnce with spplicable laws and cther govenment ensciments. Selier
assumes no cbigsuca of lisbiity for the information in this document. NO WARRANTIES ARE CVEN: ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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DOWFAX" Surfactants -

Biodegradability of DOWFAX Surfactants

The DOWFAX surfactants have been evaiuated using the semi-continucus actvated siudge
{SCAS) confirming test specified by the Soap and Detergent Association's {(SDA) Subcommitiee
on Biodegradation Test Methods. The procedure involves the addition of surfactant at a nominal
concentration of 20 mg/L to SCAS cylinders operated on & 24-hour fill and drain cycle. A 80%
reduction in methylens blue active substance following 23 hours of aeration is required to classify
an anionic surfactant as biodegredable sccording to this procedure.

For DOWFAX 3B2, DOWFAX C10L and DOWFAX 8390, a grester than 80% reduction occurred.
allowing classification of these products as biodegradable under the conditions of the SCAS {est.

DOWFAX 2A1 and DOWFAX C6L did not achieved a greater than 90% reduction. $0 they are not
considerad biodegradable under this procedure.

DOWFAX 2A1, which does not pess the SCAS test for biodegracebility, is biologically transformed
guring the SCAS procedure. The effiuent of the SCAS unit, containing metabolites of DOWFAX
2A1, did not show eny significant toxicity to tethead minnows (Phmephales promeias Refinesque)
in 86 hours or to the water flea (Daphnia magna Straus) in 48 hours.

To date, only DOWFAX 8380 solution was been tested under the guideiines of OECD 302B. the
Zshn-Wellens procedure. DOWFAX 8390 solution may be classified as “inherently
biodegradsbie® in accordance with this procedure

1 of 1 pazges
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